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B. A. K O B L I H A 
Computer Aided F a c t o r y Layout Planning (CAFLAP) 
A B S T R A C T 
T h i s T h e s i s addresses F a c t o r y Layout Problems, and reviews 
and e v a l u a t e s the a v a i l a b l e l a y o u t techniques. 
Manufacturing as a system has been s t u d i e d and r e c l a s s i f i e d 
f o r f a c t o r y l a y o u t : space demands and s p a t i a l r e l a t i o n s h i p s 
have been co n s i d e r e d as main p r i n c i p l e s of F a c t o r y Layout 
P l a n n i n g . T h i s forms a b a s i s f o r the i n t r o d u c t i o n of a new, 
more e f f i c i e n t F a c t o r y Layout Plan n i n g Methodology, denoted 
as SPACE MANAGEMENT. A new COMPUTER AIDED FACTORY LAYOUT 
PLANNING system i s formulated as a t o o l f o r : 
- p r e p a r i n g 3-D templates of Work S t a t i o n Modules and 
Equipment Modules; 
- drawing a requested i n t e r i o r of an i n d u s t r i a l h a l l / b a y i n 
3-D; 
- p o s i t i o n i n g any ' o b j e c t s 1 (spaces), v i a manual i n t e r a c t i v e 
programs i n 3-D; 
- automatic p o s i t i o n i n g of work s t a t i o n s and equipment i n 
the bay, i n ' t e c h n o l o g i c a l ' order ( i n 3-D), using an 
automatic p o s i t i o n i n g program, with a f a c i l i t y f o r : 
c o l l i s i o n course f i n d i n g (with o b j e c t s w i t h i n the bay), 
manual o v e r r i d e f o r c o r r e c t i o n s , and 
f i n d i n g an optimum s i z e (width) of the bay. 
The r e s u l t i n g l a y o u t scene can be observed from any r e q u i r e d 
p o s i t i o n and d i s t a n c e . 
The system i n c l u d e s a s e t of a u x i l i a r y programs f o r Manual 
Feeding of l i n e s of work s t a t i o n s i n ' t e c h n o l o g i c a l ' order 
and f o r b a s i c c a p a c i t y c a l c u l a t i o n s . 
CAFLAP a l s o opens a new way of economic e v a l u a t i o n of 
p r o j e c t s and a l t e r n a t i v e s . 
CAFLAP i s implemented i n FORTRAN 77 and uses the Computer 
Graphics System PICASO. 
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1. INTRODUCTION 
The p u r p o s e f u l arrangement of machine t o o l s and equipment on 
the shop f l o o r i s of equal importance f o r compétitive 
manufacturing as machining i t s e l f . I t i s very w e l l 
documented i n h i s t o r y how the wealth of nations grows as 
t h e i r manufacturing standards improve. A very good example 
of t h i s i s the Republic of Venice [7]. Manufacturing was 
one of the p i l l a r s of the R e p u b l i c ' s s u c c e s s , and was so 
advanced t h a t i n 1474 i t l e d to the enactment of the f i r s t 
formai patent law. The "heart of the s t a t e of V e n i c e " was 
the A r s e n a l [24], Here was a l s o the l a r g e s t c e n t r e of 
pr o d u c t i o n and the g r e a t e s t c o n c e n t r a t i o n of workmen before 
the i n d u s t r i e l révolution. The plans of the A r s e n a l , 
founded i n 1104, were i n f a c t an e a r l y example of planned 
p l a n t l a y o u t ! 
'Plant Layout' and 'Factory Layout P l a n n i n g ' are terms (see 
Appendix 1-1) most commonly used f o r l a b e l l i n g a c t i v i t i e s 
concerned with a f e a s i b l e l o c a t i o n of manufacturing or 
p r o c e s s i n g f a c i l i t i e s i n a s u i t a b l e région, s i t e , complex of 
b u i l d i n g s , i n d u s t r i a l h a l l and f i n a l l y i n an i n d u s t r i a l bay. 
Nîy définition, 1 P l a n t Layout' i s the most e f f e c t i v e 
arrangement and c o o r d i n a t i o n of the p h y s i c a l p l a n t 
f a c i l i t i e s , to allow g r e a t e s t e f f i c i e n c y i n the combination 
of man, m a t e r i a l s , machines and equipment necessary f o r the 
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Operation of any u n i t of a p l a n t or business [1], vThe 
a c t i v i t y i n F a c t o r y Layout P l a n n i n g could be expressed 
s y m b o l i c a l l y as i n F i g . l . 
/ A C T I V I T Y V r H A H 
\ J M A T E R ! A L S 
\ ^ ^ M A C H I N E S and E Q U I P M E N T II 
V 
E F F I C I E N T 0 P E R A T I O N 
F i g . 1. ACTIVITY IN FACTORY LAYOUT PLANNING RESULTS IN EFFICIENT OPERATION 
As the main i n t e r e s t of t h i s p r o j e c t i s focused on 
•mechanical e n g i n e e r i n g manufacturing, the , term F a c t o r y 
Layout Planning [22] has been chosen. T h i s term a l s o 
c l e a r l y d i s t i n g u i s h e s a c t i v i t i e s i n mechanical e n g i n e e r i n g 
p r o d u c t i o n from chemical and other s i m i l a r l y s p e c i a l i s e d 
p l a n t s ( i . e . f o o d p r o c e s s i n g , e a r t h products etc.)> and from 
the design of i n d i v i d u a l equipment. 
Factory Layout Planning i s c l o s e l y i n t e r r e l a t e d with 
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Mechanical E n g i n e e r i n g , P r o d u c t i o n E n g i n e e r i n g , Mechanical 
Technology, M a t e r i a l Handling, Management and O r g a n i s a t i o n , 
I n d u s t r i a l Psychology and S o c i o l o g y , C i v i l E n g i n e e r i n g , 
A r c h i t e c t u r e and Town Planning on one s i d e , and with 
V e n t i l a t i o n and Heating, and E l e c t r i c a l E n g i n eering e t c . , on 
the other s i d e . The requirements and demands of these 
p r o f e s s i o n s together with l e g i s l a t i v e measures l i k e the 
Health and S a f e t y A c t , and the r e g u l a t i o n s of the M i n i s t r y 
of Defence, M i n i s t r y of Tra n s p o r t and C i v i l A v i a t i o n can be 
very r e s t r i c t i v e . F u rther f a c t o r s r e l a t e d to the p r o t e c t i o n 
of nature, s p r i n g s and water, h i s t o r i e monuments, e t c . , have 
to be c a r e f u l l y c o n s i d e r e d , and can sometimes, even become 
r u l i n g f a c t o r s i n F a c t o r y Layout P l a n n i n g . A l l t h a t i s 
i n d i s p e n s a b l e , as the c o n s t r u c t i o n of a new p l a n t or 
modernisation and r e c o n s t r u c t i o n of an o l d e r f a c t o r y may 
have a s u b s t a n t i a l i n f l u e n c e on the environment and on the 
l i v e s of the i n h a b i t a n t s w i t h i n a r e l a t i v e l y l a r g e área. 
/In F a c t o r y Layout Planning there are u s u a l l y two main types 
of s i t u a t i o n to be encountered: 
- The change of la y o u t w i t h i n an e x i s t i n g f a c t o r y , 
or 
- A l a y o u t f o r a new f a c t o r y on a 'green f i e l d s i t e ' . 
In the f i r s t case the o b j e c t i s to t r y to u t i l i s e the 
e x i s t i n g áreas i n the most economical manner i n order to 
accommodate e f f i c i e n t p r o d u c t i o n . In the second case, the 
c i v i l e n g i n e e r i n g p a r t can be designed to f i t e x a c t l y the 
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t e c h n o l o g i c a l needs. Thèse two différent s i t u a t i o n s can 
r e s u i t i n a différent emphasis i n l a y o u t techniques. V* 
Other s i t u a t i o n s and c o m p l i c a t i o n s f o l l o w from the type of 
manufacturing/production ( s i n g l e product, m u l t i - p r o d u c t , 
p a r a l l e l ) and from the f u r t h e r d i v i s i o n of p r o d u c t i o n 
a c c o r d i n g to the q u a n t i t y of products to be manufactured 
e.g.job p r o d u c t i o n , batch p r o d u c t i o n , flow p r o d u c t i o n and 
mass p r o d u c t i o n . 
The type of p r o d u c t i o n u s u a l l y c o n d i t i o n s the type of 
l a y o u t , i . e . : 
- Process (or F u n c t i o n a l ) Layout, 
where the main f a c t o r f o r work s t a t i o n s arrangement 
i s c onsidered to be the t e c h n o l o g i c a l process 
( s i m i l a r i t y of o p e r a t i o n s , e.g. d r i l l i n g machines 
i n one area, m i l l i n g machines i n another area, e t c . , 
o f t e n c r e a t i n g departments, i . e . m i l l i n g department, 
d r i l l i n g department, e t c . ) . 
- Product (or Line) Layout, 
where the main f a c t o r f o r work s t a t i o n s arrangement 
i s the product. Work s t a t i o n s are arranged to s u i t 
the sequences of o p e r a t i o n s (e.g. prodn. l i n e ) . [1] 
As a s p e c i a l sub-group c o u l d be co n s i d e r e d Group 
Layout (Group Technology and F l e x i b l e 
Manufacturing Systems). 
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- F i x e d - P o s i t i o n Layout, 
where the product i s s t a t i o n a r y and m a t e r i a l , 
men and equipment are brought together 
to work on the product ( s h i p s , b r i d g e s ) , N 
The i n i t i a l considérations and c a l c u l a t i o n s f o r new l a y o u t 
very o f t e n form the b a s i s f o r the long-term p r o s p e r i t y of 
the whole company. A p l a n t must be p r o f i t a b l e and and the 
p r o f i t must be maximised, so t h a t the p l a n t l a y o u t 
/ C o n s u l t i n g engineer has to approach the task with t h i s i n 
mind and take care to avoid any p o s s i b l e l o s s e s i n f u t u r e , 
which may a f f e c t not only the i n v e s t o r , but the p u b l i c as 
w e l l . T h e r e f o r e the f u t u r e s i t u a t i o n must be assessed 
a l r e a d y i n the p r e l i m i n a r y stage? 
Here the l a y o u t engineer faces a dilemma. At t h i s stage he 
i s not i n p o s s e s s i o n of s u f f i c i e n t amount of data and 
in f o r m a t i o n of requested accuracy and depth to design a new 
l a y o u t . But s t i l l , the décision making must be as p r e c i s e 
as p o s s i b l e . In some cases even the most e s s e n t i a l 
i n f o r m a t i o n , e.g. the volume of p r o d u c t i o n , i s l a c k i n g and 
must be ac q u i r e d by the engineer v i a an a n a l y s i s of 
s t a t i s t i c s , t y p i c a l p r o d u c t s , i n d i r e c t i n d i c a t o r s , and 
q u a i i f i e d guesses. The technique of T y p i c a l Products i s 
used when there i s a l a c k of i n f o r m a t i o n regarding the 
f u t u r e a c t u a l p r o d u c t s . T y p i c a l products have s i m i l a r 
spécifications and c h a r a c t e r i s t i c s to those of the f u t u r e 
Page 6 
planned p r o d u c t s . 
As t h i s i s a very demanding e x e r c i s e , some companies and 
c o n s u l t i n g e n g i n e e r i n g f i r m s have developed up to f i v e 
stages of p r o j e c t to a v o i d l o s s e s . For example, the Ford 
Motor Company has three ' p r o j e c t ' stages: Programme Study, 
Study, and P r o j e c t . ( T h i s w i l l be d i c u s s e d l a t e r i n Chapter 
2.) 
In t h i s complicated s i t u a t i o n i t i s q u i t e d i f f i c u l t to f i n d 
a way to ease the work of the F a c t o r y Layout Planning 
Engineer. A c c o r d i n g to F r a n c i s and White [16] (published i n 
1974!) there were some f i v e hundred papers w r i t t e n on the 
t o p i c . 
Moor i n h i s survey [30] i n the same year (1974) analysed 
twenty f i v e programs and concluded t h a t the l a y o u t planner 
must s t i l l do almost a i l the adjustments. He c o n s i d e r e d the 
f a c i l i t y d esign problems to be complex and i l l - s t r u c t u r e d , 
and as such they were handled i n a v a r i e t y of ways, such as: 
t o t a l enumeration, computerised techniques, i n t e r a c t i v e 
programming, h e u r i s t i c programming . and by i n t e l l i g e n t 
machines. He a l s o observed t h a t a g r e a t m a j o r i t y of 
programs f e l l i n t o the c o n s t r u c t i o n or improvement c l a s s , 
only f i v e programs were found to f i t i n t o graph theory or 
other[30- F i g . 3 ] . 
Lewis and Block [32] i n 1980 noted t h a t 'despite much 
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r e s e a r c h a c t i v i t y there i s widespread f a i l u r e to use 
a v a i l a b l e computer programs f o r p l a n n i n g the l a y o u t of 
manufacturing f a c i l i t i e s ' . 
A c cording to Lewis and Block t h i s happened f o r two reasons: 
o p i n i o n t h a t an experienced planner can produce a c c e p t a b l e 
l a y o u t based on h i s own s u b j e c t i v e judgement; and 
ignorance of the p o t e n t i a l b e n e f i t s of computer-aided 
techniques. 
The w r i t e r ' s own expérience from Ford-Dagenham, P l a n t Layout 
Department (1973-75) was s i m i l a r to t h a t of Lewis and Block, 
but the reasons f o r the f a i l u r e to use computer programs are 
seen d i f f e r e n t l y . There were s e r i o u s attempts made at 
F o r d 1 s to use the programs a v a i l a b l e at that time, but thèse 
f a i l e d to h e l p e f f i c i e n t l y i n p r a c t i c a l p l a n t l a y o u t work. 
The main reason c o u l d be seen i n the f a c t t h a t the programs 
were c o v e r i n g only a t i n y p o r t i o n of the planner's t a s k s . 
The manual method of templates on ' s k i n s ' (see Appendix 
1-12) continued i n use i n s t e a d , u n t i l 1987 as documented by 
Mike F a r i s h 133] (See Chapter 3.). 
In the second h a l f of the s e v e n t i e s the number of p u b l i s h e d 
work t i t l e s on Factory Layout Planning seems to have 
dropped. However between 1980 and 1988, there were Over 
f o r t y new t i t l e s i n the f i e l d (according to A p p l i e d Science 
and Technology Index, January 1980-March 1988). Contrary to 
Moor 1 s survey f i n d i n g s and h i s C l a s s i f i c a t i o n [30] i t seems 
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that some e n t i r e l y new a i d s are now appearing combining 
s i m u l a t i o n and computer g r a p h i e s , f o r example H o l l o c k s [25]; 
and i n t e r a c t i v e computer g r a p h i e s , f o r example O'Brien and 
Barr [34] (See Chapter 3.). 
^The présent work i n t r o d u c i n g Computer Aided F a c t o r y Layout 
Planning (CAFLAP) a l s o uses i n t e r a c t i v e computer graphies 
p r i n c i p i e s . Moreover CAFLAP i s pioneer ing some new 
p r i n c i p i e s of l a y o u t p l a n n i n g (3-D space management), which 
are used i n combination with computer g r a p h i e s i n order to 
a s s i s t the l a y o u t engineer i n a more créative way mainly i n 
d e t a i l e d l a y o u t p l a n n i n g . 
CAFLAP o f f e r s p l anners a very simple, cheap and 
easy-to-learn-and-use p r a c t i c a l t o o l f o r everyday l a y o u t 
work; a t o o l which would be always a v a i l a b l e f o r any 
p r o d u c t i o n engineer or planner to use as and when the need 




2. FACTORY LAYOUT PLANNING AND EXISTING TECHNIQUES 
2.1 FACTORY LAYOUT PLANNING 
According to Reed [1] a good f a c t o r y l a y o u t should s a t i s f y 
the f o l l o w i n g b a s i c requirements: 
- Improvement of the manufacturing process 
- Improvement of M a t e r i a l Handling (M.H.) 
- Most e f f e c t i v e use of a v a i l a b l e area 
- Improved u t i l i s a t i o n of labour 
- Improved e f f i c i e n c y i n p l a n t s e r v i c e s 
- Improved employée morale 
- Improved p r o d u c t i o n management, q u a l i t y and 
p r o d u c t i o n c o n t r o l 
- Minimum c a p i t a l investment 
Main o b j e c t i v e s of a good l a y o u t c o u l d be formulated from 
expérience, using the above as a l e a d : 
- e f f e c t i v e and s a f e opération 
- comfortable and safe access to work s t a t i o n s 
f o r opération and maintenance 
- s t r a i g h t M a t e r i a l Flow 
- work s t a t i o n s as c l o s e to each other as p o s s i b l e 
- work s t a t i o n s p o s i t i o n e d i n i n t e r - r e l a t e d p o s i t i o n s 
( i n s t r a i g h t U n e s or groups) 
- work s t a t i o n s i n p o s i t i o n s r e q u e s t i n g minimum space 
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i n an i n d u s t r i a l bay 
and 
- work s t a t i o n s i n p o s i t i o n s with no interférence 
^ with other 'Spaces* (see 4.2, 4.3 and 4.4). 
Observing the s i t u a t i o n i n F a c t o r y Layout Planning Bestwick 
and Lockyer [3] conclude t h a t V " t h e r e are a number, and 
sometimes c o n f l i c t i n g requirements, which should be 
s a t i f i e d " i f "most e f f e c t i v e arrangement and c o - o r d i n a t i o n 
of p h y s i c a l p l a n t f a c i l i t i e s " i s to be a c h i e v e d . 
In the w r i t e r ' s view^there are two différent catégories of 
b a s i c requirements': c o n f l i c t i n g and complementary. 
C o n s i d e r i n g f i r s t the complementary c r i t e r i a i t can be seen 
t h a t : 
F i r s t l y , improvements i n the manufacturing process can be 
achieved i f i n the l a y o u t p l a n n i n g area p r o v i s i o n s are made 
for smoother m a t e r i a l flow and réduction of d e l a y s . T h i s , 
p r o j e c t e d on the shop f l o o r , can be achieved by improved 
M a t e r i a l Handling (M,H.). The main g e n e r a l l y r e c o g n i s e d 
p r i n c i p l e of M.H. i s DON'T (i . e . d o n ' t move). Apple [35] 
and others are s t r e s s i n g the importance of élimination of 
movements. I f movements cannot be e l i m i n a t e d they should be 
s i m p l i f i e d , shortened and s t r a i g h t e n e d . Any c o n g e s t i o n 
should be avoided.^ 
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Thèse M.H. p r i n c i p l e s are i n agreement with the requirement 
for c l o s e n e s s of f a c i l i t i e s as formulated by Muther [4]. 
^The p r i n c i p l e s of c l o s e n e s s and réduction of movements are 
aimed at g r e a t e r c o s t e f f e c t i v e n e s s . 
Shorter d i s t a n c e s between f a c i l i t i e s r e s u i t i n improved 
u t i l i s a t i o n of l a b o u r , not o n l y i n the M.H. area, but a l s o 
i n manufactur ing s e r v i c e s ; e.g. f a s t e r supply of t o o l s 
( t h i s dépends on a c c e s s i b l e p o s i t i o n i n g of T o o l C r i b ) . 
Secondly, c l o s e n e s s of s u f f i c i e n t f a c i l i t i e s f o r h e a l t h and 
welfare ( l a v a t o r i e s , d r i n k i n g water, s i t t i n g f a c i l i t i e s , 
r e s t rooms, etc.) i n connection with Health and S a f e t y at 
Work requirements [36,57] éliminâtes the e x c e s s i v e 
R e l a x a t i o n Allowance [51] and improves the q u a l i t y of 
r e l a x a t i o n time f o r the labour f o r c e . Thèse measures 
d i r e c t l y c o n t r i b u t e to employées 1 contentedness, and t h i s 
improves t h e i r moral. The a e s t h e t i c e f f e c t of w e l l arranged 
l a y o u t a l s o makes an a i l round p o s i t i v e c o n t r i b u t i o n . 
T h i r d l y , c l o s e n e s s of f a c i l i t i e s i s complementary to the 
requirement of the most e f f e c t i v e use of the a v a i l a b l e (or 
designed) area, t h e r e f o r e the y i e l d of shop f l o o r space (t/m 
sq., number of products per m sq., etc.) may be i n c r e a s e d . 
T h i s p o s i t i v e l y i n f l u e n c e s c a p i t a l investment which can. be 
minimised, e s p e c i a l l y i n 'green f i e l d s ' p r o j e c t s . S i z e of 
b u i l d i n g s , and t h e r e f o r e c o s t of b u i l d i n g s , c o u l d be reduced 
with conséquent réduction of c o s t of maintenance, réduction 
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of c o s t of h e a t i n g , v e n t i l a t i o n , l i g h t i n g and other 
overheads. The r e s u l t i n g compact l a y o u t i s more c o n t r o l a b l e 
and t h e r e f o r e supports i n a b e t t e r way p r o d u c t i o n management 
f u n c t i o n s ; management c o n t r o l , i d e n t i f y i n g and countin g of 
W.I.P. and products i s s i m p l i f i e d . 
F o u r t h l y , from opération management and u t i l i s a t i o n of 
labour p o i n t of view, the achievement of the proper p l a n t 
l a y o u t allows the most e f f e c t i v e design of i n d i v i d u a l 
opérations, the process and the flow. 
F i f t h l y , the achievement of a proper f a c i l i t i e s l a y o u t 
i n c o r p o r a t i n g c o r r e c t i n s p e c t i o n l o c a t i o n s i n the process 
should p o s i t i v e l y i n f l u e n c e q u a l i t y c o n t r o l . 
S i x t h l y , l a y o u t planned f o r ease of maintenance allows f o r 
the use of maintenance time e f f e c t i v e l y and reduces 
personnel requirements. 
\A11 of the above complementary c r i t e r i a show the p r o f i t a b l e 
advantages of proper F a c t o r y Layout Planning. 
N^ontrary to t h i s , are c o n f l i c t i n g combinations of c r i t e r i a , 
which are making the task of the l a y o u t planner more 
d i f f i c u l t . The sources of c o n f l i c t s occur among the needs 
of p r o d u c t i o n technology, space requirements, space 
a v a i l a b l e and the o v e r r i d i n g économie c r i t e r i a . 
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F i r s t l y , a c o n f l i c t i n g s i t u a t i o n may a r i s e between the 
requirements of an i d e a l t e c h n o l o g i c a l p o s i t i o n of work 
s t a t i o n s and the r e a l space of an i n d u s t r i a l h a l l / b a y . 
For example, a s o p h i s t i c a t e d calculâtion [5,6,7,8,9] can 
recommend p o s i t i o n i n g work s t a t i o n s i n a C l u s t e r to achieve 
the s h o r t e s t p o s s i b l e d i s t a n c e s between them. T h e o r e t i c a l l y 
t h i s seems to be a p e r f e c t recommendation, but i t co u l d 
prove an unacceptable one i f the width of the e x i s t i n g 
i n d u s t r i a l bay cannot accommodate the C l u s t e r ! In the same 
way the C l u s t e r arrangement may c o n f l i c t with the s p a t i a l 
demands of M a t e r i a l Handling. 
Secondly, a c o n f l i c t may a l s o a r i s e with the width of the 
bay when a group or l i n e arrangement of work s t a t i o n s , each 
of which has a différent s i z e , has to be accommodated. 
T h i r d l y , différent s i z e s of work s t a t i o n s i n recommended 
p o s i t i o n s may c o n f l i c t w i th the requirements f o r the most 
economic u t i l i s a t i o n of the shop f l o o r a r ea. There could 
a l s o be a c o l l i s i o n of work s t a t i o n s with supports/columns 
of maintenance steelwork e t c . 
F o u r t h l y , the i n t e r r e l a t e d p o s i t i o n s of departments, 
s e r v i c e s , s t o r e s , t o o l c r i b s and the r e l a t i v e p o s i t i o n s of 
foremen, e t c . , could be sources of c o n f l i c t . 
In order to achieve the best p o s s i b l e r e s u l t s i n the f i n a l 
l a y o u t i t i s e s s e n t i a l to compromise and e s t a b l i s h 
p r i o r i t i e s . But p r i o r i t i e s c o u l d vary from case to 
from planner to p l a n n e r . 
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case and 
From the p o i n t of view of o v e r a l l economy, i t i s the 
d i s t a n c e between the i n t e r r e l a t e d p l a c e s that p l a y s the main 
rôle. I t was probably f o r t h i s reason that most r e s e a r c h 
e f f o r t has so f a r been concentrated on understanding the 
flow of m a t e r i a l , i n an attempt to shorten the d i s t a n c e of 
t r a v e l of Work i n Progress (W.I.P.) between opérations. A 
number of methods and r e l a t i o n s h i p c h a r t s , s t u d y i n g mostly 
'from - t o 1 m a t e r i a l h a n d l i n g , have been developed. The 
most widely recognised method i s Muther's [4] Systematic 
Layout P l a n n i n g . He a l s o g i v e s p r i o r i t y to the c l o s e n e s s of 
f a c i l i t i e s , combined with the importance of r e l a t i o n s h i p s 
among f a c i l i t i e s , r a t e d by a unique AEIOUX r a t i n g System. 
These techniques improve the q u a l i t y of the l a y o u t 
engineer's work, but have very l i t t l e impact on h i s 
p r o d u c t i v i t y . New ways have o n l y been opened by the wider 
Implementation of computers (see Chapter 3.). 
As a l r e a d y mentioned i n Chapter 1., each p r o j e c t i s u s u a l l y 
d i v i d e d i n t o s e v e r a l p r o j e c t stages. Reasons could be found 
i n the n e c e s s i t y of approval procédures f o r f i n a n c i n g the 
p r o j e c t , stratégie p l a n n i n g , r e g i o n a l p l a n n i n g e t c . , as w e l l 
as i n t e c h n i c a l methodology of approximation, i . e . from 
t h e o r e t i c a l o u t l i n e ideas of the System, to d e t a i l e d complex 
design and i n s t a l l a t i o n of the "recommended System" [4, 40], 
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Another category i n F a c t o r y Layout Plan n i n g are de s i g n 
phases. These are l o g i c a l steps i n layout d e s i g n 
methodology and co u l d be seen represented by some w e l l known 
procédures l i k e Muther's Systematic Layout Pl a n n i n g , Apple's 
P l a n t Layout Procédures or Reed's P l a n t Layout Procédures as 
summarised by Tomkins and White [39], 
The d i s t i n g u i s h e d r e a l i t y of p r o j e c t stages and design 
phases as p a r a l l e l catégories i s u n f o r t u n a t e l y not s t r e s s e d 
enough i n Factory Layout Planning l i t e r a t u r e . Very o f t e n 
they are i n t e r m i x e d . But f o r the sake of methodological 
c l a r i t y t h i s should be avoided. 
The d i s t i n c t différences between p r o j e c t stages and de s i g n 
phases could be seen c l e a r l y from the f o l l o w i n g définition 
and d e s c r i p t i o n of p r o j e c t stages; which i s then f o l l o w e d 
(for comparison) by de s i g n p h a s e s . N 
D e f i n i t i o n of p r o j e c t s t a g e s : 
P r o j e c t stages (see Appendix 1-2) are graded steps i n the 
préparation of p r o j e c t documents ( i . e . r e p o r t s , c a l c u l a t i o n s , 
drawings e t c . ) . Each step g r a d u a l l y goes i n t o more depth 
and d e t a i l of f a c t o r y l a y o u t . ^ 
In an i d e a l s i t u a t i o n engineers would have the c a p a c i t y , the 
time and the i n f o r m a t i o n to s o l v e d e t a i l e d problems i n the 
e a r l y stages, as thèse c o u l d o f t e n i n f l u e n c e the f i n a l 
economic aspects of the p r o j e c t . 
Page 16 
To see more c l e a r l y the extent of the problem i t i s u s e f u l 
to d e s c r i b e i n o u t l i n e the p r o j e c t s t a g e s : 
Stage 1. 
FEASIBILITY STUDY (see Appendix 1-3) d e f i n e s the most 
economical approach to the p l a n t l a y o u t . The p r o d u c t i o n 
programme should be d e f i n e d at t h i s stage, sometimes with 
the help of t y p i c a l p r o d u c t s . The main Flow of M a t e r i a l , 
the number of machines and equipment needed, and the main 
areas and b u i l d i n g ( s ) r e q u i r e d should be e s t a b l i s h e d here, 
as w e l l as manning and s e r v i c e s . In drawings main areas and 
b u i l d i n g s are presented as block l a y o u t . A programme of a i l 
b u i l d i n g and l a y o u t works and with the r e l e v a n t économie 
considérations should be worked-out. Two or more 
a l t e r n a t i v e s are u s u a l l y c o n s i d e r e d . 
Stage 2. 
INVESTMENT PROJECT (Appendix 1-4) 
s t u d i e s the s i z e of the main i n d u s t r i a l h a l l ( s ) , dimensions 
of bays and annexes of the p l a n t ; détermines the requested 
p r o d u c t i o n programme and flow of m a t e r i a l ; designs 
departments i n i n t e r - r e l a t e d p o s i t i o n s , but without d e t a i l e d 
shop f l o o r l a y o u t and the p o s i t i o n s of work s t a t i o n s and 
equipment. In drawings the departments are o f t e n presented 
as more a c c u r a t e l y s p e c i f i e d block l a y o u t . In the case of a 
new f a c t o r y on 'green f i e l d ' , a s i t e i s s e l e c t e d . As above, 
two or three a l t e r n a t i v e s are u s u a l l y c o n s i d e r e d . 
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Stage 3. 
PROJECT and WORKING DRAWINGS . 
In t h i s f i n a l p r o j e c t stage (Appendix 1-5) a i l f i n a l 
' c a p a c i t y ' c a l c u l a t i o n s are made, work s t a t i o n s (machines 
and equipment) are determined and t h e i r p o s i t i o n s are f i x e d 
i n the l a y o u t of the d e f i n e d b u i l d i n g . 
The p r o j e c t l a y o u t drawings show e.g. work s t a t i o n s i n 
r e a l i s t i c shapé, with détails l i k e anchoring b o l t s , and 
p o s i t i o n of power supply, e l e c t r i c a l a c c e s s o r i e s , c o n n e c t i o n 
to gas, water, c o o l a n t supply, e t c . The Working Drawings 
(Appendix 1-6) i n c l u d e a i l the détails necessary f o r work 
s t a t i o n s i n s t a l l a t i o n and any necessary c i v i l e n g i n e e r i n g 
works, e.g. i f foundations are requested. The i n d u s t r i a l 
h a l l s are p o s i t i o n e d i n the gênerai l a y o u t . 
In some commercially and t e c h n i c a l l y complicated cases 
i n t e r m e d i a t e stages are i n t r o d u c e d , u s u a l l y a f t e r the 
Investment P r o j e c t . For example, i n an 1 I n t r o d u c t o r y 
P r o j e c t ' (Appendix 1-7) almost e v e r y t h i n g i s d e f i n e d exept 
the f i n a l and exact p o s i t i o n of work s t a t i o n s i n s i d e the 
i n d u s t r i a l h a l l s . The in t e r m e d i a t e stage i s a l s o used when 
the p r o j e c t and d e t a i l e d f i n a l drawings are prepared i n 
another country where the p r o j e c t i s l o c a t e d and l o c a l 
s u b c o n t r a c t o r s are employée!. In t h i s way the i n v e s t o r i s 
saving on the c o s t of design work, using l o c a l draftsmen and 
engineers. He only h i r e s the exp e r t s from the c o n s u l t i n g 
f i r m or s u p p l i e r who designed the pr e v i o u s stages of the 
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p r o j e c t . The e x p e r t s , C o n s u l t i n g engineers, s u p e r v i s e l o c a l 
s t a f f and advise on s i t e . T h i s helps to secure higher 
employment f o r l o c a l people. The experts a l s o pass on the 
'know-how', which i s very v a l u a b l e e s p e c i a l l y f o r the ' T h i r d 
World' c o u n t r i e s . 
\Design phases (represented here by Muther's Phases of 
Systematic Planning [4]) are f o l l o w i n g : 
Phase I 
LOCATION 
Détermine the l o c a t i o n of the area to be l a i d out. 
Phase I I . 
GENERAL OVERALL LAYOUT 
E s t a b l i s h the arrangement of the area to be l a i d out. 
Phase I I I . 
DETAILED LAYOUT PLANS 
Locate each s p e c i f i c pièce of machinery and equipment. 
Phase IV. 
INSTALLATION 
Plan the i n s t a l l a t i o n , seek the approval of the p l a n , make 
the necessary p h y s i c a l moves.^ 
To i l l u s t r a t e the différence : In F e a s i b l i t y Study i t i s 
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not necessary to use a i l d e s i g n stages. O v e r a l l l a y o u t or a 
block l a y o u t i n drawing présentation i s a i l that i s needed. 
In the Investment P r o j e c t the s i t u a t i o n would be s i m i l a r . ' 
The différence i n the p o s i t i o n of 'Location* i n p r o j e c t 
stages and design phases can e a s i l y be seen. Muther [4] 
p l a c e s the ' L o c a t i o n 1 f i r s t , w h i l e the présent work p l a c e s 
the 'Location' i n p r o j e c t stages, i n Stage 2. - Investment 
P r o j e c t . 
The approach here i s différent f o r the f o l l o w i n g reason: 
P r i o r to the sélection of any p l o t or p l a c e ( l o c a t i o n ) the 
main c a p a c i t y c a l c u l a t i o n s , requirements of areas, and a 
block l a y o u t of f a c i l i t i e s have to be completed. The 
engineer r e s p o n s i b l e f o r the sélection of a p l o t must have 
t h i s i n f o r m a t i o n i n hand together with détails of max.loads 
(bearing loads) e t c . , otherwise the sélection of the p l o t 
cannot be c a r r i e d out with f u l l r e s p o n s i b i l i t y . Not 
f u r n i s h i n g the i n f o r m a t i o n to the engineer c o u l d be c o s t l y : 
completly inadéquate p l o t c o u l d be s e l e c t e d , which could 
r e s u i t i n expensive altérations e.g. foundations of heavy 
machines and b u i l d i n g columns might have to be supported by 
p i l e s e t c . . 
Hence p r o j e c t stages are i n f l u e n c i n g the a c t i v i t y i n d e s i g n 
phases. T h i s i s a p p a r e n t l y the reason why Tompkins and 
White ([39] - F i g 1.1) are p u t t i n g t h e i r F a c i l i t y L o c a t i o n 
i n f a c i l i t y p l a n n i n g h i e r a r c h y on a completly independent 
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l e v e l and p o s i t i o n . 
F u r t h e r , i n contemplating the de s i g n methodology and 
procédures on l y , f o r every l a y o u t , Muther [4] l a y s down 
three fundamentals: 
R e l a t i o n s h i p s - the r e l a t i v e degree of c l o s e n e s s 
d e s i r e d or r e q u i r e d among t h i n g s ; 
Space - the amount, kind and shape or c o n f i g u r a t i o n of 
the t h i n g s being l a i d out; 
Adjustment - the arrangement of th i n g s i n t o a r e a l i s t i c 
best f i t . 
The above three fundamentals have a spécial p l a c e i n CAFLAP 
development. 
In CAFLAP, the r e l a t i o n s h i p s are seen i n dynamic and s p a t i a l 
terms (see 4.2). 
From the p r o d u c t i o n p o i n t of view, the d y n a m i c / a c t i v i t y 
r e l a t i o n s h i p s are expressed i n the ' t e c h n o l o g i c a l 1 
p o s i t i o n i n g of work s t a t i o n s to s u i t best the Flow of 
M a t e r i a l (requirements of the most economical p r o d u c t i o n ) . 
With the he l p of Nugent, Wollman and Ruml 1 s 138] i d e a s , 
' T e c h n o l o g i c a l ' p o s i t i o n i n g can be d e f i n e d as the optimal 
spécification of which f a c i l i t i e s are to be adjacent i n the 
f i n a l l a y o u t without regard to the area or shape of the 
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i n d i v i d u a l f a c i l i t i e s . 
The s p a t i a l demands are seen as the t o t a l amount of spaces 
to be accommodated i n the b u i l d i n g , which i n c l u d e the space 
needed f o r work s t a t i o n s and equipment, and some other 
spaces. 
NOTE : 
Here and i n the r e s t of the t h e s i s the terms 
'space* and 'spaces' are used. In 3-D CAFLAP 
connotations ( c o n t r a r y to Muther's [4] spaces 
which are a c t u a l l y 2-D areas) they have been used 
to express the s i t u a t i o n s and s p a t i a l 
r e l a t i o n s h i p s (see 4.2). 
The arrangement of work s t a t i o n s and equipment i n the 
' t e c h n o l o g i c a l ' order and r e a l i s t i c s p a t i a l p o s i t i o n i n an 
i n d u s t r i a l bay, i s the main task i n F a c t o r y Layout P l a n n i n g . 
Here a l s o l i e s a source of c o n f l i c t i n g s i t u a t i o n s and 
requirements, as d i c u s s e d above, and more: 
F i r s t l y , the work s t a t i o n i t s e l f has to be designed as a 
safe and comfortable p l a c e a l l o w i n g and s u p p o r t i n g a i l 
f u n c t i o n s of the machine t o o l or equipment, and e f f e c t i v e 
work of the O p e r a t o r ( s ) . The d e s i g n i t s e l f c a r r i e s 
c o n f l i c t s between s a f e t y and the requirements f o r most 
e f f e c t i v e opération. 
Secondly, the requested p o s i t i o n of work s t a t i o n i n the r e a l 
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space ( b u i l d i n g ) c o u l d be i n c o n f l i c t with maintenance 
requirements. 
T h i r d l y , the requirement f o r c l o s e n e s s of f a c i l i t i e s c o u l d 
be a t r i g g e r f o r c o l l i s i o n among f u n c t i o n s , opérations and 
maintenance of other f a c i l i t i e s . 
CAFLAP has been developed with a i l t h i s i n mind (see Chapter 
4.) . 
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2.2 EXISTING TECHNIQUES USED 
For the study and design of A c t i v i t y R e l a t i o n s h i p s and the 
Flow of M a t e r i a l , a number o f methods, mostly c h a r t s , have 
been i n use (e.g. From-To c h a r t s , REL c h a r t s e t c . ) . 
On the b a s i s of thèse c h a r t s , i n r e l a t i o n to 1 t e c h n o l o g i c a l 1 
(Appendix 1-8) p o s i t i o n i n g of work s t a t i o n s , some 
computerised methods have been developed. The most 
important of them are d i s c u s s e d i n Chapter 3. 
From the p o i n t of view of g r a p h i c a l présentation of the 
arrangement of work s t a t i o n s i n work shop s i t u a t i o n s the 
Space R e l a t i o n s h i p s are the most important. Here below are 
o u t l i n e d the main techniques f o r design of Space 
R e l a t i o n s h i p s as h i s t o r i c a l l y developed, and as a l s o 
presented even i n the most récent l i t e r a t u r e ( [ 3 9 ] - p u b l i s h e d 
i n 1984 and [58] p u b l i s h e d i n 1985). 
O r i g i n a l l y o r d i n a r y 2-D drawings were used for F a c t o r y 
Layout P l a n n i n g . Work s t a t i o n a f t e r work s t a t i o n , p o s i t i o n 
a f t e r p o s i t i o n , had to be drawn i n d i v i d u a l l y . T h i s o f t e n 
meant r e p e a t i n g s i m i l a r shapes and s i t u a t i o n s , i n the same 
way as i n the days of the Venice A r s e n a l , or i n the manner 
of Michelangelo B u o n a r r o t i 1 s c i v i l e n g i n e e r i n g l a y o u t s . 
There were no f a c i l i t i e s to ease the draftsmen's work. T h i s 
demanding and slow technique was improved by the use of two 
dimensional templates of work s t a t i o n s . Thèse were e i t h e r 
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copied (under t r a c i n g paper) i n t o a l a y o u t , or h e l d i n 
p o s i t i o n by magnetic 'operators' on a magnetic t a b l e where a 
drawing of the i n d u s t r i a l h a l l was f i x e d . Where the 
magnetic t a b l e technique was used, a photograph of the 
la y o u t was taken by an overhead camera. T h i s process was 
repeated a f t e r each change, i n t r o d u c i n g a l t e r n a t i v e l a y o u t s . 
T h i s technique was much f a s t e r than drawing l a y o u t s with 
templates under t r a c i n g paper. But a l l the e x t r a equipment 
l i k e cameras, s p e c i a l overhead stands, l i g h t i n g and f i n a l l y 
engaging a q u a l i f i e d photographer on the job made t h i s 
method expensive. A l s o the e x t r a space needed and time l o s t 
by the l a y o u t engineer i n v o l v e d , e.g. queuing f o r the 
magnetic t a b l e and the photography, l e d to t h i s method being 
abandoned. 
The two dimensional methods had some disadvantages 
e s p e c i a l l y when presented to customers or non p r o f e s s i o n a l 
top management l a c k i n g knowledge of reading drawings. A l s o , 
these methods are not able to show some of the space 
u t i l i s a t i o n problems. N e i t h e r are they s u f f i c i e n t f o r 
c o l l i s i o n course f i n d i n g among work s t a t i o n s and b u i l d i n g , 
maintenance steel-work, columns f o o t i n g s ( f o u n d a t i o n s ) , 
d u c t s , e t c . . T h e r e f o r e 3-D model 'templates 1 were 
in t r o d u c e d . 
T h i s 3-D method, d e p l o y i n g wooden, p l a s t i c , or metal models, 
i s s t i l l i n use f o r some s p e c i a l i s e d cases, e.g. p i p i n g . 
T h i s , however, i s a very slow and expensive method. To 
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manufacture models of work s t a t i o n s and equipment, u s u a l l y 
i n 1:50 scalę, i s a s t r a i g h t f o r w a r d job i f wood or p l a s t i c 
m a t e r i a l s are used. But s t o r i n g and i s s u i n g them to l a y o u t 
engineers, as w e l l as the m a n i p u l a t i o n of models of work 
s t a t i o n s w i t h i n a 3-D model of an i n d u s t r i a l h a l l i s 
complicated. P l a s t i c models of work s t a t i o n s , eąuipment, 
o p e r a t o r s , e t c . , are u s u a l l y s u b c o n t r a c t e d . For wooden 
models of i n d u s t r i a l h a l l s , maintenance steel-work, 
p i p e l i n e s , e t c . , there have to be adjacent workshop 
f a c i l i t i e s . T h i s can be a very u n d e s i r a b l e mixture of 
a c t i v i t i e s : design work vs. manufacture. Acco r d i n g to 
good e n g i n e e r i n g p r a c t i c e , and ergonomie and s y n e r g e t i c 
r u l e s (see 4.2), such a c t i v i t i e s should be kept s e p a r a t e . 
When a 3-D model i s f i n a l l y b u i l t , photographs of the 
arrangement are taken i n a s i m i l a r manner to that needed f o r 
the magnetic t a b l e method. 
With the development of p l a s t i c drawing sheets (Mylar) known 
as ' s k i n s ' , a r e l a t i v e l y very good techniąue,- using 2-D 
templates f i x e d a f t e r manuał p o s i t i o n i n g by d o u b l e - s i d e d 
s e l l o t a p e , has been invented. T h i s template on ' s k i n s ' 
techniąue, (see Appendix 1-12), enables the engineer to 
change p o s i t i o n of work s t a t i o n s s e v e r a l times to 
i n v e s t i g a t e a l t e r n a t i v e s . The templates of work s t a t i o n s 
are u s u a l l y drawn i n 1:50 scalę on a t h i n n e r p l a s t i c t r a c i n g 
f o i l . The ' s k i n s ' have a p r e - p r i n t e d g r i d (250x250mm i n 
1:50 scalę) to ease the p o s i t i o n i n g of templates. For 
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b u i l d i n g s , p r e - p r i n t e d s e l l o t a p e s , i n d i c a t i n g w a l l s , e t c . , 
are used. 
The ' s k i n s ' are reproduced i n the same way as o r d i n a r y 
t r a c i n g paper drawings. Thèse ' s k i n s ' remain r e l a t i v e l y 
d u r a b l e . However, the dust c a t c h i n g residue of the 
s e l l o t a p e créâtes s t a i n s . Because of t h e i r r e l a t i v e weight 
and s t i f f n e s s , the ' s k i n s ' are s t o r e d hanging i n 
purpose-designed s t e e l cases. O v e r a l l ease of m a n i p u l a t i o n 
of ' s k i n s ' , so s i m i l a r to f a m i l i a r t r a c i n g paper, makes t h i s 
i nexpensive method of producing 2-D l a y o u t models, sometimes 
c a l l e d 'templates and tapes', very p o p u l a r . Tompkins and 
White ([39-published i n 1984!) s t a t e d : 
"The most common method of c r e a t i n g l a y o u t p l a n s 
f o r l a r g e r f a c i l i t i e s i s to use templates and 
tapes." 
A l s o Konz [58] p u b l i s h e d i n 1985, d e s c r i b e d t h i s technique 
i n g r e a t détail. 
U n f o r t u n a t e l y none of the above d i s c u s s e d manual methods i s 
f a s t enough, and none of them a s s i s t s the l a y o u t engineer i n 
the d i r e c t i o n of p r o v i d i n g économie space u t i l i s a t i o n . They 
do not h e l p i n the c o o r d i n a t i o n of l a y o u t tasks (System -
H a l l , Bay, Work S t a t i o n ... M e c h a n i c a l , C i v i l , P i p i n g , 
E l e c t r i c a l , e t c . ) ; nor do they f a c i l i t a t e c o l l i s i o n course 
f i n d i n g . 
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A i l the l a y o u t work must c u r r e n t l y - be c a r r i e d out 
i n t e l l i g e n t l y and unaided by the l a y o u t engineer. The 
q u a l i t y of p r o j e c t s t h e r e f o r e dépends on h i s expérience, 
l e v e l of éducation and a b i l i t y to c o n s i d e r , a s s e s s , and 
fo r e s e e the t e c h n o l o g i c a l s i t u a t i o n s i n a s p a t i a l c o n t e x t . 
T h i s a l s o r e q u i r e s g r e a t e n g i n e e r i n g i m a g i n a t i o n ! 
The methods, d e s c r i b e d above, show how inadéquate are the 
t o o l s which the l a y o u t engineer i s using for h i s h i g h l y 
créative and, at the same time, complicated y e t répétitive 
assignments. 
Even i n a new f a c t o r y s i t u a t i o n there must be a continuous 
r e - l a y o u t and re-arrangement a c t i v i t y i n progress [2], The 
r e p e t i t i v e n e s s of l a y o u t t a s k s , the need f o r changes of 
l a y o u t to be c a r r i e d out i n the s h o r t e s t p o s s i b l e time, and 
the requirement f o r f i n d i n g the most e f f e c t i v e arrangement 
by considération of a l t e r n a t i v e l a y o u t s , have l e d to the 
development of new methods and techniques i n Factory Layout 
Plan n i n g . 
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3. COMPUTER AIDED SYSTEMS PRESENTLY AVAILABLE 
3.1 INTRODUCTION 
In order to avo i d any d u p l i c i t y of r e s e a r c h and w ith the 
view of a p o s s i b l e u t i l i s a t i o n of some of the e x i s t i n g 
computer programs f o r CAFLAP, an e x t e n s i v e l i t e r a t u r e search 
has been undertaken. (See Chapter 10.) 
One of the sources quoted i s L o c a t i o n and Layout Pla n n i n g 
b i b l i o g r a p h y [48] by Domschke and D r e x l , i n which the 
authors i n c l u d e l a y o u t p l a n n i n g and any r e l e v a n t Systems i n 
a wide f i e l d of " l o c a t i o n theory". 
According to them, l o c a t i o n theory can be d i v i d e d i n t o 
macroeconomic and microeconomic l o c a t i o n théories. 
In macroeconomic l o c a t i o n théories i n d u s t r i e s , economic 
s e c t o r s , e t c . , are p l a c e d ' i n space*. The microeconomic 
l o c a t i o n théories are f u r t h e r d i v i d e d i n t o p l a n t l o c a t i o n 
and p l a n t l a y o u t theory. 
P u b l i c a t i o n s whose authors regard t r a n s p o r t a t i o n c o s t or 
t r a v e l time as main l o c a t i o n f a c t o r s are d e s c r i b e d i n the 
b i b l i o g r a p h y as t r a n s p o r t a t i o n o r i e n t a t e d , and of a 
normative ( q u a n t i t a t i v e ) type. T h i s group i s f u r t h e r 
d i v i d e d i n t o p u b l i c a t i o n s d e a l i n g with p l a n t l o c a t i o n and 
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those which d e a l with p u b l i c f a c i l i t y l o c a t i o n problems. 
According to Domschke and D r e x l e r the main o b j e c t i v e i n 
p l a n t l o c a t i o n i s to minimize the sum of cos t (minisum 
Problem). In p u b l i c f a c i l i t y l o c a t i o n the o b j e c t i v e i s to 
minimize the maximum d i s t a n c e , time, e t c . , which a user of a 
f a c i l i t y has to accept (minimax problem). W i t h i n both types 
the f a c t o r of différent d i s t a n c e s o c c u r s . Dealing with t h i s 
there are network o r i e n t a t e d models (where the s h o r t e s t 
d i s t a n c e between two p o i n t s i s c o n s i d e r e d - Operation 
Research), and models assuming th a t t r a v e l takes p l a c e on a 
plane ( a i l p o i n t s on the plane are p o t e n t i a l l o c a t i o n s ) . 
P l a n t l a y o u t théories t r y to 
f a c i l i t i e s w i t h i n a b u i l d i n g 
f a c t o r s are s t u d i e d . 
o p t i m i z e the l o c a t i o n of 
or p l a n t , e.g. l o c a t i o n 
Authors have d i v i d e d p u b l i c a t i o n s on l o c a t i o n and l a y o u t 
p l a n n i n g i n t o 13 chosen s u b j e c t s . (The c u r r e n t work would 
f i t i n t o the c l a s s "M"-Thesis). Future trends i n the 
development of the microeconomic l o c a t i o n theory are 
p r e d i c t e d by the authors as mainly concerned with the 
development of software t o o l s based on computer g r a p h i e s . 
(This i s the l i n e which CAFLAP f o l l o w s . ) 
Nugent, Vollmann and Ruml [38] are c o n s i d e r i n g "the optimal 
spécification of which f a c i l i t i e s are to be adjacent i n the 
f i n a l l a y o u t without regard to the area or shape of the 
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i n d i v i d u a l f a c i l i t i e s " , as most important step i n the 
complète l a y o u t p r o c e s s . 
With the expansion of the use of computers, many attempts 
have been made to f i n d the a l g o r i t h m s f o r the most s u i t a b l e 
' t e c h n o l o g i c a l * p o s i t i o n i n g of work s t a t i o n s , r e l a t e d to 
each other i n the sensé of the most economic flow of 
m a t e r i a l . R e l a t i o n s h i p Charts of a c t i v i t y areas (based on 
the flow of m a t e r i a l and s e r v i c e departments) have c r e a t e d 
the b a s i s f o r a number of computerised methods i n F a c t o r y 
Layout Planning. 
According to Tompkins and White [3 9 ] , techniques f o r 
computer aided l a y o u t may be c l a s s i f i e d by the method of 
re c o r d i n g flow among departments and by the method of 
gene r a t i n g the l a y o u t . The flow may be expressed as a 
q u a n t i t a t i v e record i n a FROM-TO c h a r t , or as a q u a l i t a t i v e 
one recorded i n an a c t i v i t y r e l a t i o n s h i p c h a r t . 
The method of ge n e r a t i n g l a y o u t may vary from computerised 
a l g o r i t h m d e v e l o p i n g block l a y o u t , presented by s y m b o l i c a l l y 
marked squares, to computer graphie présentation of d e t a i l e d 
f a c i l i t i e s i n 3-D. 
Moore i n h i s i n t e r n a t i o n a l survey [30] i n 1974 i s using 
Wollmann 's [41] c l a s s i f i c a t i o n of computer programs f o r 
f a c i l i t i e s d e s i g n as e i t h e r ' c o n s t r u c t i o n ' type or 
'improvement' type. According to him the c o n s t r u c t i o n 
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a l g o r i t h m s b u i l d or c o n s t r u c t a s o l u t i o n from raw data; the 
improvement a l g o r i t h m s r e q u i r e a f e a s i b l e s o l u t i o n as p a r t 
of the i n p u t . 
In Moore 1 s survey eighteen programs are c l a s s i f i e d by 
authors as c o n s t r u c t i o n type, seven as improvement type, but 
f i v e are not c l a s s i f i e d e i t h e r way. (As Moore 1 s 
c l a s s i f i c a t i o n f i t s b e t t e r f o r block p l a n p l a n t l a y o u t 
a l g o r i t h m s , i t i s l e s s s u i t a b l e f o r c l a s s i f i c a t i o n of other 
Systems. I f Moore's approach should be a p p l i e d to CAFLAP i t 
would f i t i n h i s c l a s s 'Others', although t h i s c l a s s was 
o r i g i n a l l y c r e a t e d f o r a différent purpose.) 
Below are reviewed and evaluated some c l a s s i c a l types of 
methods/programs from the p a s t , which are s t i l l quoted i n 
récent l i t e r a t u r e . Tompkins and White i n 1984 [39] are 
a c t u a l l y p r e s e n t i n g CRAFT, COFAD, PLANET, CORELAP AND ALDEP. 
T h e i r sélection i s i d e n t i c a l with programs chosen i n 
Computer Aided Layout: A User's Guide [57], which quotes 
them as "techniques a l r e a d y proven to be usable to the 
f a c i l i t y d e s i g n e r " . Konz i n 1985 [58] a l s o f i n d s i t u s e f u l 
to i n c l u d e i n h i s book CRAFT, COFAD, CORELAP, ALDEP AND 
PLANET. 
These c l a s s i c a l 
tendencies and 
Problems. 
types of program 
ways i n t a c k l i n g 
are f o llowed 




3.2 COMPUTER AIDED SYSTEMS 
Many programs and commercial software packages c u r r e n t l y i n 
the f i e l d are approaching p l a n t l a y o u t as a pure opération 
management problem of f s e g u e n c i n g ' the departments or work 
s t a t i o n s , i n order to r e c e i v e a f i n a l block l a y o u t with 
s h o r t e s t p o s s i b l e d i s t a n c e s between- • the i n t e r r e l a t e d 
f a c i l i t i e s . As d e s c r i b e d i n the f o l l o w i n g , many of them are 
b u i l d i n g on ^ the o r i g i n a l ideas of Armour-Buffa [5,6], 
Lee-Moore [8] or Apple-Deisenroth [9]. 
3.2.1 CRAFT 
In 1962 G.C.Armour and E.S.Buffa . presented t h e i r work "A 
H e u r i s t i c A l g o r i t h m and S i m u l a t i o n Approach to R e l a t i v e 
L o c a t i o n of F a c i l i t i e s " which r e s u l t e d i n CRAFT 
(Computerised R e l a t i v e A l l o c a t i o n of F a c i l i t i e s Technique -
1964) , a t y p i c a l improvement type program f o r block p l a n 
p l a n t l a y o u t [5,6,7], The program was developed f o r process 
( f u n c t i o n a l ) l a y o u t . T h i s method i s based on the a l g o r i t h m 
to minimise M a t e r i a l Handling (M.H.) c o s t s i n c u r r e d among 
a i l departments. M.H. c o s t i s d e f i n e d as the product of 
flow, d i s t a n c e , and u n i t d i s t a n c e t r a v e l c o s t , which are the 
main input d a t a . An i n i t i a l l a y o u t has to be given and must 
c o n s i s t of a group of u n i t squares to represent each 
department. The procédure f i r s t determines the c e n t r o i d s of 
departments. Then CRAFT évaluâtes the given l a y o u t , 
c a l c u l a t i n g the r e c t i l i n e a r d i s t a n c e s between the 
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departments and s t o r e s i t i n a d i s t a n c e matrix. Then M.H. 
cost i s c a l c u l a t e d as product of data from FROM-TO c h a r t 
( f l o w ) , d i s t a n c e matrix and move c o s t matrix. 
P r o d u c t i o n departments are i d e n t i f i e d by assigned c a p i t a l 
l e t t e r s . CRAFT next c o n s i d e r s departmental interchanges and 
évaluâtes what the e f f e c t w i l l be i f l o c a t i o n s are 
interchanged. The program switches the p o s i t i o n s of the 
departments to achieve, through an approximation p r o c e s s , 
maximum economy i n M a t e r i a l Handling. M.H. c o s t s are 
compared. The process continues u n t i l no more improvement 
can be made by p a i r w i s e exchanges. Only departments with 
common borders or of the same area are c b n s i d e r e d f o r 
exchanges of l o c a t i o n s . 
On f i n a l computer p r i n t s the i n t e r - r e l a t e d p o s i t i o n s of 
departments are marked by l i n e s , composed of the assigned 
c a p i t a l l e t t e r s , d e l i m i t i n g the areas of i n d i v i d u a l 
departments. CRAFT program does not guarantee t h a t the 
layout with lowest M.H. c o s t w i l l be found u n l e s s a i l 
p o s s i b l e interchanges are c o n s i d e r e d . 
Some assumptions made i n the CRAFT a l g o r i t h m could be viewed 
c r i t i c a l l y . F r a n c i s and White [16] commented t h a t : 
F i r s t l y , the use of c e n t r o i d l o c a t i o n s i n measuring 
d i s t a n c e s , might not be r e a l i s t i c f o r some' p r a c t i c a l 
a p p l i c a t i o n s . T h i s way some unusual l a y o u t designs c o u l d be 
obtained, r e s u l t i n g i n crooked a i s l e s . 
Secondly, the asssumption t h a t M.H.costs are s i g n i f i c a n t . 
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known and l i n e a r i n d i s t a n c e t r a v e l l e d . In the r e a l l a y o u t ' 
t h i s c o u l d sometimes be of s m a l l s i g n i f i c a n c e . 
The comments on p r o b l e m a t i c assumptions are important f o r 
the user. He should see CRAFT as a conceptual t o o l f o r the 
design of block l a y o u t i n some e a r l y stages of p r o j e c t s or 
search phase of d e s i g n . 
Nugent, Vollmann and Ruml i n 1967 [38] compared CRAFT w i t h 
newly developed s i m i l a r programs H63 and HC63-66. They 
compared the " goodness of the s o l u t i o n s reached and 
computational e f f i c i e n c y . The r e s u l t s obtained by the 
authors show th a t CRAFT runs more s l o w l y than HC63-66; the 
l a t t e r produces s o l u t i o n s of s l i g h t l y higher q u a l i t y . 
Despite some p o s i t i v e r e s u l t s a chived by programs H63 an 
HC63-66, none of them were quoted i n l i t e r a t u r e s t u d i e d and 
f a i l e d to appear even i n Moor's survey [30], 
In s p i t e of the above c r i t i c i s m F r a n c i s and White i n 1974 
[16] f i n a l l y have a word of p r a i s e f o r CRAFT: 
"Although there are other improvement a l g o r i t h m s , 
i n gênerai none have been shown to be s u p e r i o r to 
CRAFT i n l a y o u t d e s i g n . " 
3.2.2 COFAD 
From the f a m i l y of s i m i l a r improvement programs, at l e a s t 
COFAD should be mentioned here. Developed by Tompkins and 
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Reed [43], COFAD -Computer F a c i l i t y Design- i s b a s i c a l l y a 
m o d i f i c a t i o n of CRAFT. 
COFAD allows the use of move c o s t f o r a v a r i e t y of M.H. 
Systems, i . e . , each a l t e r n a t i v e l a y o u t i s a l s o c o n s i d e r e d 
from the p o i n t of view of the M.H. method to be s e l e c t e d . 
Input requirements are the same as f o r CRAFT, expanded by 
the cost of M.H. system, and a percentage of u t i l i z a t i o n of 
M.H. equipment per move. COFAD enables the sélection of 
the l e a s t - c o s t l a y o u t and i n p a r a l l e l the sélection of M.H. 
method with minimal c o s t of M.H. equipment. 
The program s t a r t s with procédures i d e n t i c a l to CRAFT, i . e . , 
improving the i n i t i a l l a y o u t . Then the c o s t of each move 
with M.H. method a l t e r n a t i v e s i s determined. Flow (FROM-TO 
Chart data) i s con s t a n t . Next cornes détermination of a 
minimal c o s t M.H. System which i s fo l l o w e d by a search f o r 
M.H. equipment whose u t i l i z a t i o n i s good. 
In the next phase réduction i n t o t a l c o s t i s sought. I f i n 
the COFAD process no réduction of t o t a l c o s t can be 
achieved, the program i s terminated or flow volume i n p u t s 
are changed. T h i s i s done f o r f o l l o w i n g reasons: to 
confirm t h a t the found s o l u t i o n i s a s t e a d y - s t a t e s o l u t i o n , 
and to check the s e n s i t i v i t y of design to the flow data. I f 
the s t e a d y - s t a t e i s not confirmed, COFAD i s r e s t a r t e d with a 
new a p p o r t i o n i n g of c o s t of M.H. System to i n d i v i d u a l 
moves. T h i s loop continues u n t i l the 
(steady-state) s o l u t i o n i s o b t a i n e d . 
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requested 
The assumptions i n h e r i t e d from CRAFT (as d i s c u s s e d above i n 
t h i s connection) are i n e v i t a b l y sources of the same c r i t i c a l 
comments. Here the s i t u a t i o n i s made even more comp l i c a t e d 
by the v a r i e t y of M.H. methods c o n s i d e r e d , and t h e i r c o s t s 
due to the v a r i a t i o n of market p r i c e s . Another c o m p l i c a t i o n 
a r i s e s i n connection with the c o l l e c t i o n of data r e g a r d i n g 
the r e a l i s t i c percentage of u t i l i z a t i o n of equipment, which 
i s always d i f f i c u l t to e s t a b l i s h . 
F u rther programs of a s i m i l a r type i n the improvement c l a s s 
quoted by Moore [30] a r e : GRASP, KONUVER, LAYADAPT, OFFICE, 
PREP and The Terminal Sampling Procédure. In 1978 Tompkins 
and Moore [57] are adding to t h i s l i s t another two: COSFAD 
and SET. 
3.2.3 CORELAP 
As a c l a s s i c a l example of c o n s t r u c t i o n type program [30] 
c o u l d be seen the d i g i t a l computer program CORELAP [8], 
CORELAP-Computarised R e l a t i o n s h i p Layout P l a n n i n g - was 
developed by R.C.Lee and J.M.Moore i n 1967 to d e s i g n block 
plan p l a n t l a y o u t e c o n o m i c a l l y . I t i s a job shop o r i e n t a t e d 
procédure. 
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In comparison with CRAFT, which i s using flow considération 
for i f s procédures, CORELAP procédures are based on 
a c t i v i t y r e l a t i o n s h i p s ( o r i g i n a l l y suggested by A p p l e [ 1 0 ] ) . 
A c t i v i t y r e l a t i o n s h i p (REL) c h a r t s are using A, E, I, 0, U, 
X, r a t i n g convention [4, 10] . 
For i n p u t the f o l l o w i n g data are r e q u i r e d : 
- the number of departments (N) 
- the data from REL c h a r t 
- the area requirements f o r each of the departments 
- the r a t i o of maximum le n g t h of the b u i l d i n g to width. 
The h e u r i s t i c a l g o r i t h m s t a r t s with areas having the 
g r e a t e s t sum of r e l a t i o n s h i p s , The departments with the 
hi g h e s t t o t a l c l o s e n e s s r a t i n g (TCR) i s p l a c e d i n the c e n t r e 
of l a y o u t matrix. The program then i n t e r a c t i v e l y adds other 
areas, one at a time, i n such a way as to maximize the 
attainment of the d e s i r e d r e l a t i o n s h i p . The f i n a l output i s 
i n the form of l a y o u t m a t r i x . On the p r i n t of the f i n a l 
l a y o u t , whole areas of departments appear covered by 
i d e n t i f y i n g numbers, each r e p r e s e n t i n g the u n i t square i t 
oc c u p i e s . The areas which are a v a i l a b l e but not occupied 
are marked up by zéros. Layouts designed by CORELAP are 
o f t e n of an i r r e g u l a r shape. To f i t a c o n v e n t i o n a l shape of 
a b u i l d i n g , t h i s has to be a d j u s t e d manually. 
S i m i l a r l y to CRAFT, CORELAP should be con s i d e r e d as a 
conceptual t o o l f o r the de s i g n of block l a y o u t i n some e a r l y 
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P r o j e c t stages or r e s e a r c h phase of de s i g n . 
3.2.4 PLANET 
Another c o n s t r u c t i o n type program o f t e n quoted i n l i t e r a t u r e 
i s PLANET - Pl a n t Layout A n a l y s i s and E v a l u a t i o n Technique-
developed by J.M.Apple and M.P.Deisenroth i n 1972 [9,7,39]. 
PLANET was a l s o developed f o r d e s i g n of block l a y o u t . 
For input the f o l l o w i n g data are r e q u i r e d : 
- m a t e r i a l flow data ( i . e . e n t r i e s from the FROM-TO chart ) 
- move c o s t matrix 
- d i s t a n c e matrix 
PLANET uses three a l t e r n a t i v e methods f o r s p e c i f y i n g 
m a t e r i a l flow data. In the design procédure three différent 
lay o u t c o n s t r u c t i o n a l g o r i t h m s are used. 
The three methods of s p e c i f y i n g m a t e r i a l flow data are 
f o l l o w i n g : 
The f i r s t one spécifies product séquence by department f o r 
each p a r t , together with c o s t per move per u n i t of d i s t a n c e 
f o r each p a r t . The c o s t i s o f t e n i n p u t as u n i t y , because i t 
may not be determined. PLANET then develops a flow-between 
cost c h a r t , which i n d i c a t e s the c o s t of movement between 
p a i r s of departments. T h i s i s then used i n the c o n s t r u c t i o n 
a l g o r i t h m . 
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The second method i n p u t s m a t e r i a l data d i r e c t l y from FROM-TO 
c h a r t , which i s then converted to a flow-between c o s t c h a r t . 
The t h i r d method of i n p u t t i n g flow data i s that using a 
p e n a l t y m a t r i x . The p e n a l t y i n p u t between two departments 
i s an i n d i c a t o r of the importance of c l o s e n e s s of the 
departments. The matrix can a l s o i n d i c a t e the d i f f i c u l t y 
and r e l a t i v e frequency of m a t e r i a l movements between 
departments, or i n d i c a t e the r e l a t i o n s h i p data. A placement 
p r i o r i t y s c a l e 1 to 9 i s used (9 i s the lowest p r i o r i t y ) . 
The l a y o u t i s not predetermined. 
The three c o n s t r u c t i o n a l g o r i t h m s used i n PLANET are best 
d e s c r i b e d as f o l l o w s : 
Method A sélects departments a c c o r d i n g to flow-between 
c o s t s , s t a r t i n g with p a i r s of h i g h e s t p r i o r i t y group with 
the h i g h e s t flow-between c o s t s . The next department to be 
s e l e c t e d i s t h a t from the h i g h e s t p r i o r i t y group and with 
the h i g h e s t flow-between c o s t with any department a l r e a d y 
p l a c e d . In t h i s f a s h i o n the procédure continues u n t i l there 
i s no department l e f t unplaced w i t h i n the l a y o u t . 
Method B S t a r t s i n a s i m i l a r way to t h a t of A, but the next 
department to enter i s chosen from the h i g h e s t p r i o r i t y 
group and has the h i g h e s t sum of flow-between c o s t s with a i l 
s e l e c t e d departments. T h i s c o n t i n u e s u n t i l no department i s 
l e f t u n p o s i t i o n e d . 
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Method C S t a r t s with the department i n the h i g h e s t p r i o r i t y 
group t h a t has the h i g h e s t sum of flow-between co s t with a i l 
other departments. As the next e n t r y , method C sélects the 
department i n the h i g h e s t p r i o r i t y group t h a t has the 
h i g h e s t sum of flow-between c o s t among a i l other 
departments. The procédure co n t i n u e s u n t i l no department i s 
l e f t u n p o s i t i o n e d . 
The l a y o u t r o u t i n e always S t a r t s with the two top s e l e c t e d 
departments p l a c e d i n the c e n t r e of the l a y o u t . Any 
f o l l o w i n g department i s p l a c e d i n a manner which w i l l 
minimize the M.H.cost, using a t r i a l - a n d - e r r o r method. 
PLANET o f t e n générâtes l a y o u t s t h a t do not s u i t a uniform 
b u i l d i n g shape, so d e f i c i e n c i e s are s i m i l a r to those of 
CORELAP. Layout must be manually a d j u s t e d but t h i s cannot 
be evaluated by PLANET as feedback. PLANET can be 
c o n s i d e r e d as another conceptual technique f o r i n i t i a l 
stages of p r o j e c t s or search phase of d e s i g n . 
3.2.5 ALDEP 
ALDEP -automated layout d e s i g n program- was presented by 
Seehof and Evans i n 1967 [54], As c l a s s i f i e d by Tompkins 
and Moore [57] t h i s i s another c o n s t r u c t i o n type r o u t i n e . 
F i r s t the authors s t u d i e d the a t t r i b u t e s which c o n d i t i o n a 
b e t t e r l a y o u t . They suggested a s c o r i n g technique, and used 
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a matrix of weighting f a c t o r s which i n d i c a t e d a désirable 
cl o s e n e s s of departments. The l a y o u t score i s the summation 
of the préférence values f o r the a d j a c e n t departments. No 
détails of préférence values ( f a c t o r s ) , or s c o r i n g 
techniques have been p u b l i s h e d by the authors. However, 
Tompkins and Moore [57] used i n t h e i r assessment of ALDEP 
Muther's [4] A,E,I,0,U,X r e l a t i o n s h i p r a t i n g . 
The main input data are : 
- number of departments and t h e i r square footage, 
- r e l a t i v e departments l o c a t i o n préférence, 
- l a y o u t of the b u i l d i n g ( b u i l d i n g dimensions, e t c ) . 
ALDEP créâtes a random l a y o u t and scores i t . T h i s i s 
repeated s e v e r a l thousand times to reach the best s c o r e s . 
Compared with CORELAP, ALDEP produces many l a y o u t s and r a t e s 
them l e a v i n g the sélection of the best a l t e r n a t i v e to the 
user; while CORELAP attempts to ...produce one best l a y o u t . 
Block l a y o u t s are produced by a p l o t t e r . Sélection and 
adjustments fo r the f i n a l l a y o u t are done manually. ALDEP 
can be o n l y used f o r block p l a n l a y o u t s with predetermined 
a i s l e s , s t a i r s and other a m e n i t i e s . ALDEP cannot be 
u t i l i s e d f o r a d e t a i l e d l a y o u t or ' t e c h n o l o g i c a l 1 
p o s i t i o n i n g of work s t a t i o n s , and t h e r e f o r e cannot be used 
as an entry programme f o r CAFLAP. 
I t i s worth quoting t h a t , i n 1979, R o s e n b l a t t suggested a 
new a l g o r i t h m [60] which, as he c l a i m s , c o u l d be used with 
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ALDEP. He uses a combined q u a n t i t a t i v e and q u a l i t a t i v e 
( s u b j e c t i v e ) approach to the p l a n t l a y o u t problem. His 
s u p p o s i t i o n i s that q u a n t i t a t i v e and q u a l i t a t i v e approaches 
are formulated as a q u a d r a t i c assignment problem. Both have 
the same f e a s i b l e r e g i o n , t h e r e f o r e the two methods can be 
combined. His m u l t i - o b j e c t i v e f o r m u l a t i o n , m i nimizing t o t a l 
flow c o s t and maximizing t o t a l c l o s e n e s s r a t i n g , i s made 
p o s s i b l e by the i n t r o d u c t i o n of weight assigned to the t o t a l 
c o s t flow and t o t a l r a t i n g s c o r e . Rosenblatt suggests a 
g r a p h i c a l s o l u t i o n to f i n d the 1 best' l a y o u t . The 1 best' 
l a y o u t l i e s on the i n t e r s e c t i o n of a l i n e , e s t a b l i s h e d by 
the weights, with a p o i n t on a ' d i s c r e t e e f f i c i e n t 
f r o n t i e r 1 , g i v en by p o s i t i o n s o f e f f i c i e n t l a y o u t s i n the 
graph. 
Moore i n 1974 [30] quotes i n t h i s c l a s s of programs (using 
c o n s t r u c t i o n a l g o r i t h m s ) another 16 programs. They ar e : 
CASS, COL02, COMP2, COMSBUL, DOMINO, GENOPT, IMAGE, KONUVER, 
LAYADAPT, LAYOPT, LSP, MUSTLAP2, PLAN, SISTLAP AND SUMI. In 
1978 Tompkins and Moore [57] added another two: 
H i l l e r - C o n n e r s and RMA Compl. 
A number of f u r t h e r programs based on the above mentioned 
c l a s s i c a l types have been developed. Some authors t r i e d to 
e l i m i n a t e the disadvantages mentioned above, some t r i e d to 
develop the system i n a moire u n i v e r s a l way or to extend 
t h e i r use i n t o other areas. 
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Examples of the l a t t e r i n t e n t i o n s are MODULAP and 
SPACECRAFT. 
3.2.6 MODULAP 
Real s i t u a t i o n s , i n f l u e n c e d f o r example by t r a n s p o r t r o u t e s , 
were not co n s i d e r e d p r e v i o u s l y . The development of new more 
p r a c t i c a l methods was then begun, e.g. MODULAP [11]. 
MODULAP, c o n t r a r y to CRAFT or CORELAP, measures the r e a l 
d i s t a n c e s a l o n g s i d e the t r a n s p o r t r o u t e s . However, i t s t i l l 
cannot guarantee the p o s i t i o n i n g of a i l the departments 
along the t r a n s p o r t r o u t e s , and the l a y o u t engineer has to 
d e f i n e the r e q u i r e d a d d i t i o n a l routes i n t e l l i g e n t l y . 
MODULAP f i r s t designs an i d e a l l a y o u t and then, i n a second 
round, converts the i d e a l l a y o u t i n t o a f e a s i b l e 
a l t e r n a t i v e . S i m i l a r l y as a i l the above quoted methods, 
MODULAP i s a l s o more s u i t a b l e f o r block l a y o u t and the 
p o s i t i o n i n g of departments, r a t h e r than f o r the more 
d e t a i l e d p o s i t i o n i n g of work s t a t i o n s . 
3.2.7 SPACECRAFT 
SPACECRAFT was developed i n 1982 by Roger V. Johnson [44], 
I t i s a c o n s t r u c t i o n type program based p a r t l y on CRAFT 
method. Johnson i s t r y i n g to minimize the t o t a l v a r i a b l e 
c o s t of movements (M.H.) between f a c i l i t i e s i n m u l t i - f l o o r 
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b u i l d i n g s . 
The aim of the program i s to l o c a t e the departmnets i n a 
f e a s i b l e way, and the t o t a l time of journeys on N f l o o r s i s 
minimized. Johnson considères the volume or number of 
journeys from department ' i ' to department 1 j 1 as c o n s t a n t , 
but the time of a journey w i l l dépend on the l o c a t i o n of 
departments f i ' and ' j 1 . The main différence between the 
m u l t i - f l o o r problem and the s i n g l e - f l o o r problem i s , 
acc o r d i n g to him, the n o n l i n e a r i t y of t r a n s p o r t a t i o n times. 
For i n p u t , SPACECRAFT r e q u i r e s : 
- b u i l d i n g s i z e data (number of f l o o r s , number of f l o o r 
types, number of columns, rows of modules and définition of 
f l o o r t y p e s ) , 
- t r a v e l times between each p a i r of f l o o r s , f o r each 
i n t e r - f l o o r access route, 
- t r a v e l times between each p a i r of modules w i t h i n each 
f l o o r type, 
- t r a v e l times between each module on a p a r t i c u l a r f l o o r 
type and each access p o i n t , 
- department i n f o r m a t i o n (number of departmets, a code 
number of departments, department t i t l e s , volume of 
movements between each p a i r of departments), 
- I n i t i a l l a y o u t and i t s r e s t r i c t i o n s and any requirements, 
or r e s t r i c t i o n s of any department. 
SPACECRAFT, i n a procédure very s i m i l a r to CRAFT but with 
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the différence caused by the n o n l i n e a r i t y of t r a n s p o r t a t i o n 
times between f l o o r s , produces: 
- t a b l e of movement times between each p a i r of f l o o r s , 
- t a b l e of movement times between each p a i r of modules on 
each f l o o r type, 
- t a b l e of movement times between each module and each 
v e r t i c a l movement p o i n t on each f l o o r type, 
- t a b l e of volume of movement per p e r i o d between each p a i r 
of departments, 
- t a b l e of s i n g l e journey movement times between each p a i r 
of departments, 
- t a b l e of s i n g l e journey movement times between each p a i r 
of departments which have a nonzero volume of movements, 
- t a b l e of the d o l l a r c o s t of a s i n g l e journey between each 
p a i r of departments which have a nonzero volume of 
movements, 
- t a b l e of t o t a l per p e r i o d movement time between each p a i r 
of departments, 
- t a b l e of d o l l a r c o s t of the t o t a l per p e r i o d movement time 
between each p a i r of departments, 
- summary of t o t a l per p e r i o d time and c o s t of movements 
o r i g i n a t i n g from each deparment, 
- l o c a t i o n data l i s t e d f o r each department, 
- l o c a t i o n data l i s t e d f o r each f l o o r , 
- l a y o u t g r i d of the b u i l d i n g . 
The g r a p h i c a l présentation of l a y o u t designed by SPACECRAFT 
i s s i m i l a r to t h a t of CRAFT. But the p o s i t i o n s of 
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departments are i n d i c a t e d by symbolic numbers i n s t e a d of the 
l e t t e r s used f o r CRAFT. The numbers are p r i n t e d i n a g r i d 
g i v e n by column numbers, module row numbers, and f l o o r 
numbers. T h i s g r i d f e a t u r e c o u l d be seen as an improvement 
on CRAFT and the method can, s i m i l a r l y to CRAFT, be used f o r 
the development of block l a y o u t s . However, SPACECRAFT 
cannot guarantee an optimal s o l u t i o n . A poor l a y o u t w i l l 
r e s u i t i n higher u t i l i z a t i o n of e l e v a t o r s . 
T h i s method was commented upön by Jacobs i n 1984 [45], He 
compares SPACECRAFT to a program known as CRAFT-3D developed 
a l r e a d y i n 1975 [46]. Jacobs c o n s i d e r s the programs as very 
s i m i l a r , with the f o l l o w i n g différence. SPACECRAFT 
c o n s i d e r s a i l the t r a v e l l i n g d i s t a n c e s p a r a l l e l to the 
department edge, not d i a g o n a l l y , while CRAFT-3D calculâtes 
with r e c t i l i n e a r d i s t a n c e s measured between department 
c e n t r o i d s . 
In s p i t e of t h e i r d i s c u s s i o n of Space and 3-D ' programs, 
SPACECRAFT and CRAFT-3D are both a c t u a l l y only s o l v i n g 2-D 
l a y o u t s on différent f l o o r l e v e l s . 
In comparison with CAFLAP (see Chapter 4.) they are a c t u a l l y 
only 2-D and symbolic i n présentation. They a l s o have no 
f a c i l i t y f o r 'space management 1, automatic p o s i t i o n i n g i n 
3-D space with c o l l i s i o n course f i n d i n g , e t c . . T h i s comment 




SHAPE -Sélection of m a t e r i a l h a n d l i n g equipment and area 
placement évaluation- program [47], was presented by Hassan, 
Hogg and Smith i n 1986. The aims of Shape resemble those of 
CORELAP (3.2.3) or PLANET (3.2.4). The i n t e n t i o n was to 
develop a f u n c t i o n a l l a y o u t with minimum i n t e r d e p a r t m e n t a l 
movement c o s t s . SHAPE t r i e d to f i n d the 'best arrangement 
and c o n f i g u r a t i o n of departments' [47]. T h i s was c o n s i d e r e d 
i n terms of a r e a l area shape. 
SHAPE used warehousing methods f o r l o c a t i n g a new s i n g l e 
item i n e x i s t i n g s t o r e s . T h i s was a new approach to p l a n t 
l a y o u t d e s i g n . SHAPE d i v i d e s the l a y o u t i n t o a mesh 
c o n s i s t i n g of numbered u n i t squares (1 to N). C o n s t r a i n t s 
are : 
-Departments (n) are occupying a number (compact c o l l e c t i o n ) 
of u n i t squares ( A i ) , 
-Each u n i t square i n the mesh i s to be occupied by only one 
department. 
SHAPE a l l o c a t e s the u n i t squares f o r each department and 
t r i e s to minimize i n t e r d e p a r t m e n t a l movement c o s t s . In a 
s i m i l a r way to CRAFT and PLANET, SHAPE uses a q u a n t i t a t i v e 
departmental r e l a t i o n s h i p (FROM-TO c h a r t ) , with the 
différence t h a t each flow value i s c l a s s i f i e d as major or 
minor and i s d e f i n e d by the user. SHAPE détermines the 
order i n which departments enter the l a y o u t a c c o r d i n g to the 
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sum of the major flow v a l u e s . The f i r s t s e l e c t e d department 
i s p l a c e d i n the c e n t r e of mesh. The r e s t of departmnets 
are p l a c e d around a c c o r d i n g to t h e i r flow v a l u e s . 
Departments with the l a r g e s t flow values are near the 
c e n t r e ; those with d e c r e a s i n g v a l u e s are p l a c e d i n the 
d i r e c t i o n towards the p e r i m e t e r . 
S i m i l a r l y to CRAFT, c e n t r o i d s of departments are e s t a b l i s h e d 
and the r e c t i l i n e a r d i s t a n c e s between the c e n t r o i d s are 
used. The movement c o s t here i s the product of average 
d i s t a n c e and flow between p l a c e d departments. The placement 
procédure i s s i m i l a r to PLANET and i s extended by a process 
o r i e n t a t i n g departments i n the l a y o u t a c c o r d i n g to the 
minimum movement c o s t . The process allows the shape of 
departments to be changed by i n f l u e n c i n g o b j e c t i v e f u n c t i o n s 
of the model; i . e . the f l o w - d i s t a n c e product c o n t r o l s the 
sélection of u n i t squares and t h e r e f o r e changes the shape of 
the departments. In the f i n a l l a y o u t every department i s of 
an optimum shape, while the l e a s t movement c o s t s between 
departments are secured. 
In s p i t e of the authors' o r i g i n a l c l a i m about SHAPE d e a l i n g 
with "sélection of m a t e r i a l h a n d l i n g equipment..." no 
sélection i s d i s c u s e d i n the paper presented [47]. SHAPE i s 
a l s o compared i n the paper with PLANET and CRAFT, but i f 
sélection of M.H. equipment i s c o n s i d e r e d i t should r a t h e r 
be compared with COFAD (3.2.2). The comparison with PLANET, 
provid e d by authors i n d e t a i l , shows SHAPE's advantage of up 
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to 23% r e d u c t i o n i n movement c o s t . 
The f i n a l l a y o u t i s presented as a 2-D l a y o u t matrix of u n i t 
squares. Each u n i t square r e p r e s e n t s a p a r t i c u l a r area of 
the department, coded by a number. Thus SHAPE can be used, 
s i m i l a r l y to the p r e v i o u s l y d e s c r i b e d programs, as a 
conceptual technique f o r the i n i t i a l stages of p r o j e c t or 
search phase of d e s i g n . 
U n l i k e CAFLAP and i n company with the other programs 
d i c u s s e d here i t a l s o has no f a c i l i t y f o r 3-D p r e s e n t a t i o n , 
no f a c i l i t y f o r d e t a i l e d l a y o u t or c o l l i s i o n course f i n d i n g , 
e t c . . Because of i t s otherwise unique a b i l i t y of changing 
the l a y o u t shape i t can be used f o r block l a y o u t , but i s not 
s u i t a b l e f o r ' t e c h n o l o g i c a l 1 p o s i t i o n i n g of i n d i v i d u a l work 
s t a t i o n s and t h e r e f o r e cannot be used as an e n t r y program 
f o r CAFLAP. 
The disadvantages of SHAPE f o r p r a c t i c a l l a y o u t are s i m i l a r 
to CORELAP, PLANET and CRAFT. Unusual l a y o u t d e s igns can 
sometimes be generated by SHAPE and the r e s u l t i n g crooked 
a i s l e s cause d i f f i c u l t i e s i n p r a c t i c a l M.H. Moreover, 
placement of the work s t a t i o n s i n the d e t a i l e d l a y o u t may 
prove to be d i f f i c u l t , i f not i m p o s s i b l e , because of the 
changed shape of departments. 
SHAPE should be seen as a most r e c e n t attempt to improve the 
e x i s t i n g l i n e of h e u r i s t i c c o n s t r u c t i o n a l g o r i t h m s based on 
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the c l a s s i c ideas of Lee and Moore i n the s i x t i e s . 
3.2.9 RUGR 
In p a r a l l e l with the c o n s t r u c t i o n and improvement types of 
programs, Moore i n t r o d u c e d , i n h i s survey [30] , another 
c l a s s of programs: graph theory [50] . A c l a s s i c a l 
représentative of thèse types of program i s RUGR, a l r e a d y 
presented by K r e j c i r i k i n 1969 [12], Using the graph theory 
K r e j c i r i k t r i e d to co n s i d e r the p l a n t l a y o u t problems w i t h i n 
the l i m i t s of an e x i s t i n g b u i l d i n g and given a r e a s . His 
RU-Program i s designed f o r f i n d i n g the optimum arrangement 
of Spaces which l i e a l o n g s i d e a c o r r i d o r . He was p a r t l y 
i n s p i r e d by Armour-Buffa 1 s CRAFT program but, c o n t r a r y to 
t h i s program, h i s arrangement of Spaces (e.g.departments) 
f o l l o w s a d i r e c t l i n e , d i s t r i b u t i n g them evenly w i t h i n the 
b u i l d i n g , without any waste of space a v a i l a b l e . 
K r e j c i r i k ' s RG-Program i s intended to f i n d mutually r e l a t e d 
l o c a t i o n s of Spaces on one plane, while the RR-Program i s 
designed f o r the m i n i m i z a t i o n of t o t a l area of the l a y o u t , 
i n order to achieve the most economic s i z e of the b u i l d i n g . 
RUGR i s s u i t a b l e f o r 2-D p l a n t l a y o u t block p l a n s . 
Seppanen and Moore i n 1975 [53] reviewed the graph theory. 
They found t h a t i t i s not always p o s s i b l e to re p r e s e n t the 
p l a n t l a y o u t s i t u a t i o n as a p l a n a r graph. S t r i n g p r o c e s s i n g 
a l g o r i t h m s , using Novelty Luggage problem method, were 
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suggested as an a l t e r n a t i v e approach. But t h i s method has 
not been f u r t h e r developed and implemented using a computer. 
3.2.10 MATHANDL 
Very important techniques f o r the 1 t e c h n o l o g i c a l 1 
p o s i t i o n i n g of work s t a t i o n s have been developed by the 
U n i v e r s i t y of S t r a t h c l y d e . 
Program MATHANDL [13] i n t r o d u c e s a new technique of 
arr a n g i n g work s t a t i o n s i n t o u n e s i n s t e a d of C l u s t e r s , as 
i t i s i n CRAFT and CORELAP, and removes the Shop f o o r 
l i m i t a t i o n s which are inhérent i n thèse methods. To achieve 
t h i s , Numer i c a l Taxonomy, a computer i s e d approach to 
b i o l o g i c a l c l a s s i f i c a t i o n has been adopted to develop a 
computerised a l g o r i t h m . However, the developed program i s 
at présent not a v a i l a b l e f o r m u l t i p l e machine departments. 
The method of numerical taxonomy was f u r t h e r s t u d i e d by 
C a r r i e [51]. He a l s o observed [55] tha t the technique of 
numerical taxonomy prov i d e d an a n a l y t i c a l procédure s i m i l a r 
to the i n t u i t i v e one of the p l a n t l a y o u t engineer. For the 
Layout of M u l t i - P r o d u c t L i n e s [14] , he has proposed a 
computer method of p r e p a r i n g a l t e r n a t i v e l i n e l a y o u t 
designs, The method c o n s i d e r s work flow and work load and 
proposes a three stage procédure: 
1) C o n s t r u c t i o n of a 'complex' l i n e which c o n t a i n s enough 
work s t a t i o n s at a p p r o p r i a t e p o s i t i o n s to allow every 
p a r t to be processed without b a c k - t r a c k i n g ; 
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2) I d e n t i f i c a t i o n of those machines which do not have an 
economic work l o a d , and e l i m i n a t e them by r e - r o u t i n g 
the opérations planned to be performed on them to other 
machines i n the l i n e . T h i s i s done i n an i n t e r a c t i v e 
manner producing s e v e r a l p o s s i b l e designs; 
3) Comparison of the a l t e r n a t i v e designs by computer 
s i m u l a t i o n . 
The s i m u l a t i o n model was w r i t t e n using the GPSS package 
[26] . 
3.2.11 PLANTAPT 
PLANTAPT - a p r o t o t y p e i n t e g r a t e d package f o r l a y o u t 
p l a n n i n g a n a l y s i s - was presented by C a r r i e i n 1977 [54], 
T h i s gênerai purpose package i s intended f o r medium s i z e 
p l a n t l a y o u t and group technology a p p l i c a t i o n s . PLANTAPT's 
f i l e System holds f o l l o w i n g d a t a : 
- f o r a number of independent p r o j e c t s , 
- on component p a r t s , 
- on p l a n t r e s o u r c e s , machines or p r o c e s s e s ; 
i t i s designed t o : 
- permit v a r i a t i o n s i n the da t a , 
- permit max. f l e x i b i l i t y i n the data l a y o u t i n input 
documents, 
- s t o r e and r e t r i e v e r e s u l t s of a p p l i c a t i o n programs. 
PLANTAPT's a p p l i c a t i o n programs are designed f o r : 
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- s p e c i f y i n g the component p a r t s to be examined, 
- s p e c i f y i n g the machines to be co n s i d e r e d i n the a n a l y s i s , 
- a n a l y s i n g group technology code numbers ( O p i t z ) , 
- a n a l y s i n g the opérations c a r r i e d out on p a r t s , 
developing the l a y o u t of group flow l i n e s and 
r a t i o n a l i s i n g opération séquences, 
- a n a l y s i n g m a t e r i a l flow or a c t i v i t y r e l a t i o n s h i p s f o r 
plann i n g o v e r a l l l a y o u t or d e t a i l e d l a y o u t . 
PLANTAPT programs f i r s t a nalyse the s i t u a t i o n and then, i n a 
grouping opération, d e s i g n p a r t s groups, and corresponding 
groups of machines. I f no grouping i s necessary, each item 
becomes a group of one. A f a c i l i t y f o r opération séquences 
i s p r o v i d e d . I f a m u l t i p l e - p r o d u c t flow l i n e i s being 
c o n s i d e r e d , machines f o r the flow l i n e are s e l e c t e d by a 
s p e c i a l i s e d program. 
I n t e g r a l p a r t s of PLANTAPT are programs c a l l e d TRAVEL and 
LAYOUT. TRAVEL computerises r e l a t i o n s h i p data, while LAYOUT 
develops a maximal planar subgraph (the t h e o r e t i c a l i d e a l 
layout) from which a p r a c t i c a l p l a n t l a y o u t can be designed. 
A g r a p h i c a l e x t e n s i o n of PLANTAPT was d e s c r i b e d by C a r r i e i n 
1980 [55]. He used PLANTEO, an i n t e r a c t i v e package f o r 
p l a n t l a y o u t , developed by N a t i o n a l E n g i n e e r i n g Laboratory 
[56], PLANTEO s t o r e s and s u p p l i e s 2-D shapes of b u i l d i n g s 
and machine templates. Coordinates of the shapes, r e l a t i v e 
to a convenient o r i g i n , are measured and f i l e d . T h i s can 
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a l s o be done by d i g i t i s i n g the shapes. S i m i l a r l y , p o s i t i o n s 
of machines i n the l a y o u t are given by c o o r d i n a t e s and s c a l e 
f a c t o r s can be g i v e n . The l a y o u t i s presented on VDU and 
manually a d j u s t e d a c c o r d i n g to engineer's discrétion. When 
the l a y o u t r e f l e c t s the t h e o r e t i c a l idéal l a y o u t b e s t , the 
engineer can i n s t r u c t the computer to p r o v i d e a l a r g e s i z e 
p l o t of the l a y o u t drawing. 
U t i l i s a t i o n of S t r a t h c l y d e 1 s techniques MATHANDL and 
PLANTAPT i s suggested f o r the b e n e f i t of CAFLAP ( s e c t i o n 
4.3) . 
3.2.12 A l a r g e - s c a l e s p a t i a l a l l o c a t i o n problem 
A l a r g e - s c a l e s p a t i a l a l l o c a t i o n problem was formulated i n 
1980 by L i g g e t t [61]. He used a q u a d r a t i c assignment 
approach combined with a ' p a r t i t i o n i n g scheme 1. T h i s very 
i n t e r e s t i n g method allows the e f f i c i e n t s o l u t i o n of l a y o u t 
problems, p o s i t i o n i n g up to 1000 departments, s h o r t e n i n g the 
Computing time s u b s t a n t i o n a l l y . The ' p a r t i t i o n i n g 1 approach 
s o l v e s a l a y o u t at a s e t of nested l e v e l s . The h i g h e s t 
l e v e l (master p a r t i t i o n i n g problem) a s s i g n s a c t i v i t y modules 
to subsets of l o c a t i o n s . Thèse are grouped i n t o zones or 
' p a r t i t i o n s ' . The method used f o r s e l e c t i n g the assignments 
i n l e v e l s c o n s i d e r s the immédiate c o s t s of assignments 
( a c t i v i t i e s to l o c a t i o n s ) and the r e s t r i c t i o n s imposed on 
p o s s i b l e c h o i c e s f o r f u t u r e assignements. P r o b a b i l i t y 
theory i s used to p r e d i c t which assignment would most l i k e l y 
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le a d to an optimum s o l u t i o n , and t h e r e f o r e which i s the most 
s u i t a b l e as a p o s s i b l e f u t u r e c h o i c e . 
T h i s p a r t i t i o n i n g method i s s a i d to be very e f f e c i v e and 
computer time s a v i n g . I t i s a p p r o p r i a t e f o r a r c h i t e c t u r a l 
space a l l o c a t i o n but u n f o r t u n a t e l y i t leads to i r r e g u l a r 
shapes of departments, and on a much higher s c a l e than i n 
CRAFT (which i s the program used by L i g g e t t f o r comparison). 
The method i s t h e r e f o r e much l e s s s u i t a b l e f o r mechanical 
e n g i n e e r i n g a p p l i c a t i o n . 
3.2.13 INLAYT, S-ZAKY (an i n t e r a c t i v e approach) 
An i n t e r a c t i v e approach to c o n s t r u c t i o n and improvement 
procédures was d e s c r i b e d by O'Brien and Barr i n 1980 [34]. 
They t r i e d to overcome some problems which are inhérent i n 
the above quoted procédures, by i n t r o d u c i n g the u s e r 1 s 
p a r t i c i p a t i o n i n the sélection p r o c e s s . Program INLAYT i s 
designed f o r the c o n s t r u c t i o n of i n i t i a l l a y o u t f o r a new 
f a c t o r y , or improvements i n an e x i s t i n g one. The 
improvement procédure, based on program S-ZAKY, i s asking 
the user to eva l u a t e the 2-D l a y o u t on VDU. 
INLAYT analyses the flow of m a t e r i a l between f a c i l i t i e s and 
suggests to the user groups of f a c i l i t i e s and p r i o r i t i e s to 
s e l e c t f o r p o s i t i o n i n g . The user then has to p o s i t i o n the 
f a c i l i t i e s i n the l a y o u t manually. The procédure d i s r e g a r d s 
the a c t u a l areas r e q u i r e d , and i s concerned with r e l a t i v e 
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l o c a t i o n o n l y . INLAYT does not produce the f i n a l l a y o u t , i t 
only p r o v i d e s the i n i t i a l input to the improvement procédure 
S-ZAKY. 
Input data i n t o program INLAYT are f o l l o w i n g : 
-The number of f a c i l i t i e s , t h e i r names and i n d e n t i f i c a t i o n 
numbers. 
-The s p a t i a l a r r a y of b u i l d i n g or s i t e . 
-The weighted flow of m a t e r i a l between f a c i l i t i e s . 
-A flow f a c t o r (a c o h t r o l v a r i a b l e s p e c i f i e d by the u s e r ) . 
The order of departments i s produced by the program and 
s t o r e d i n a matrix o r g a n i s e d a c c o r d i n g to maximum val u e s of 
weighted flows. F a c i l i t i e s are assigned to a space l o c a t i o n 
g r i d by the l i g h t pen. 
The improvement procédure S-ZAKY must s t a r t from an i n i t i a l 
l a y o u t . T h i s can be produced by INLAYT, or the e x i s t i n g 
l a y o u t or any other p r o p o s a i can be used. 
Input data r e q u i r e d : 
-The name of each f a c i l i t y . 
-The area of each f a c i l i t y . 
-The r e l a t i v e l o c a t i o n of a i l f a c i l i t i e s . 
-Détails of f i x e d f a c i l i t i e s . 
-The c o o r d i n a t e p o s i t i o n s of a i l machinary. 
-The c o o r d i n a t e p o s i t i o n of m a t e r i a l set-down and p i c k - u p . 
-The o r i e n t a t i o n of set-down and pick-up with each f a c i l i t y . 
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-Estimates of c o s t of r e l o c a t i n g each f a c i l i t y . 
-The c o s t of investment c a p i t a l . 
-The l i f e s p a n of the programme being c o n s i d e r e d . 
- C o n t r o l var i a b l e s . 
The authors c l a i m t h a t the improvement a l g o r i t h m S-ZAKY i s 
s u p e r i o r to other a v i l a b l e a l g o r i t h m s . The main reason i s 
that they interchange three p a i r s of f a c i l i t i e s i n s t e a d of 
two, as CRAFT and other programs do. 
The 2-D l a y o u t i s presented on the screen together with the 
t o t a l M.H. c o s t . M a t e r i a l flow p a t t e r n between set-down 
and pick-up can be superimposed on the l a y o u t . S e r i e s of 
q u e s t i o n s are asked r e g a r d i n g f u r t h e r procedures r e q u i r e d . 
In the case of exchanging f a c i l i t i e s the program w i l l 
r e p o s i t i o n a i s l e s . The rearrangement of f a c i l i t i e s i s l e f t 
to the experience of the user, who can move f a c i l i t i e s (2-D 
templates) manually by the l i g h t pen. The improvement 
layout i s assessed by computer. The procedure c o n t i n u e s 
u n t i l no more improvement can be achieved. T o t a l M.H. c o s t 
which i s the prime f a c t o r i n t h i s procedure i s compared with 
the c o s t of p h y s i c a l r e p o s i t i o n i n g of f a c i l i t i e s . The r a t i o 
of these c o s t s i n d i c a t e s the economy achieved by the 
changes. I f no requested economic e f f e c t i s achieved, the 
r e l a y o u t procedures c o u l d be resumed and the process i s 
repeated. The procedure can handle up to 100 f a c i l i t i e s but 
a l l areas must be r e c t a n g u l a r , and the system of a i s l e s must 
be r e c t i l i n e a r , which i s a s u b s t a n t i a l l i m i n t a t i o n . 
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The INLAYT-S-ZAKY method has c e r t a i n l y brought a new 
approach to f a c t o r y l a y o u t p l a n n i n g . U n f o r t u n a t e l y there 
does not seem to be any independent assessment of the method 
yet p u b l i s h e d . There are a l s o l i m i t a t i o n s s i m i l a r to other 
comparable methods e.g. the i n a c c u r a c y of the input data on 
M.H. c o s t , i n s t a l l a t i o n c o s t s , e t c . . 
Kaltnekar i n 1980 [62] c o n s i d e r s three groups of c r i t e r i a 
f o r l a y o u t decisión making: l i m i t i n g , mutually i n f l u e n c i n g , 
and marginal c o n d i t i o n s . These c r i t e r i a d i c t a t e approaches 
and Kaltnekar reminds the reader that most of the l i t e r a t u r e 
mainly c o n s i d e r s the r e l a t i o n s h i p between l a y o u t and 
m a t e r i a l flow w h i l e other f a c t o r s are i g n o r e d . To balance 
t h i s he suggests i t a p p r o p r i a t e to study the above three 
groups of c r i t e r i a : 
L i m i t i n g c o n d i t i o n s are those which cannot be changed ( i . e . 
m a r k e t , s o u r c e s , e t c . ) . 
M u t u a l l y i n f l u e n c i n g c o n d i t i o n s are those which can be 
changed ( i . e . M.H., f l e x i b i l i t y of l a y o u t , o u t s i d e 
t r a n s p o r t , b u i l d i n g c o n s t r u c t i o n , c o n d i t i o n s f o r the 
employees, the mutual i n f l u e n c e of d i f f e r e n t p a r t s of 
p r o d u c t i o n system, e t c . ) . 
M a r g i n a l c o n d i t i o n s are a l l c o n d i t i o n s sur rounding the 
p r o d u c t i o n system ( i . e . the s o c i a l o r d e r , d i s p o s a b l e 
workforce, f i n a n c i a l p o s i b i l i t i e s e t c . ) . 
Because of the l a r g e number of différent i n f l u e n c i n g 
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f a c t o r s , the c r i t e r i o n of m i n i m i z a t i o n of p a r t i c u l a r 
f u n c t i o n s or t h e i r c o s t s i s used. K a l t n e k a r ' s c r i t i c a l 
o b s e r v a t i o n that every method o f f e r e d o p t i m i z e s a model, and 
not the r e a l S t a t e , i s a c r u c i a l one. His improving 
a l g o r i t h m only emphasizes t h a t the r e s u i t i s s t i l l f a r from 
a s a t i s f a c t o r y s o l u t i o n . 
P r o f . Lockyer [21] i n 1981, when a s s e s s i n g the e x i s t i n g 
computer aided l a y o u t p l a n n i n g Systems, i s quoted as saying 
t h a t : 
"...computer programs may a s s i s t the pl a n n i n g 
f u n c t i o n by a v o i d i n g an o v e r s i g h t and t h i s i s a 
common expérience when using computers, i n th a t 
the préparation of inp u t data e n f o r c e s a 
d i s c i p l i n e which i s o f t e n u s e f u l . I t i s the 
author's expérience t h a t l a y o u t s are c u r r e n t l y , i n 
f a c t , prepared e n t i r e l y manually, and h i s b e l i e f 
t h a t the use of the computer i n t h i s area w i l l , 
f o r many ye a r s , be extremly l i m i t e d . " 
In t h i s r a t h e r u n s a t i s f a c t o r y s i t u a t i o n , new attempts to 
ease the l a y o u t engineer's work were made, e s p e c i a l l y i n the 
area of s i m u l a t i o n and Systems using computer g r a p h i e s . 
3.2.14 SEE WHY (FORSIGHT) 
In 1984 B.H. H o l l o c k s [25] suggested a new approach to 
p l a n t l a y o u t problems through computer s i m u l a t i o n . His 
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program FORSSIGHT experiments on 1 r e a l world' l a y o u t 
s i t u a t i o n s . The engineer may change the lay o u t s i t u a t i o n s 
and the program f i n d s out the i n f l u e n c e s of the o p t i o n s , 
before any décisions (changes, purchase of equipment etc.) 
are made. 
The method was o r i g i n a l l y developed at B r i t i s h S t e e l f o r 
r e f l e c t i n g a course of a c t i v i t y on p h y s i c a l mimic d i s p l a y s . 
The computer s i m u l a t i o n run was v a l u a b l e f o r g i v i n g a f u l l e r 
understanding of the behaviour of mimic d i s p l a y s i n s p e c i f i c 
c ircumstances. I t i s claimed [25] th a t the FORSSIGHT 
program "enables an accurate computer model of r e a l world 
p r o d u c t i o n p l a n t to be c o n s t r u c t e d q u i c k l y and e a s i l y " . I t 
g i v e s p r o d u c t i o n S t a t i s t i c a l r e s u l t s and can produce an 
animated view of the model i n opération. FORSSIGHT a l s o 
enables the user to change o p e r a t i n g parameters and to 
observe the r e s u l t s . Departments or work s t a t i o n s are 
presented as 2-D blocks (as i s usual i n mimic diagrams), but 
without any r e a l Shop f l o o r area or space considérations. 
FORSSIGHT has r e c e n t l y been renamed SEE WHY: i t i s a good 
package f o r the study of c o s t e f f e c t i v e p r o d u c t i o n flow. 
3.2.15 UA1, UA2, UA3 
From the range of other s i m u l a t i o n programs i t i s worth 
mentioning programs presented by D r i s c o l l and Sayers i n 1985 
[68], The authors have s t u d i e d a dynamic f a c i l i t y r e l a y o u t , 
and developed three new programs: 
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Program UAl undertakes data v a l i d a t i o n . For s t a t i c l a y o u t 
design program UA2 i s used, while UA3 i s designed f o r 
changeover s i m u l a t i o n . The programs have the f a c i l i t y f o r 
e v a l u a t i n g a l t e r n a t i v e s on a f i n a n c i a l b a s i s . 
S t a t i c 2-D l a y o u t ( i n UA2) i s determined by c o o r d i n a t e s of 
the b u i l d i n g o u t l i n e ; f a c i l i t i e s are represented by 
r e c t a n g u l a r or c i r c u l a r shapes/areas. F a c i l i t i e s 
(workcentres) are grouped i n t o s e t s and the placement of 
f a c i l i t i e s i s done manually. The r e l a y o u t s t a r t s with the 
e x i s t i n g l a y o u t , the new arrangement, and with the support 
of M.H. i n f o r m a t i o n . The changeover s i m u l a t i o n model (UA3) 
opérâtes s u b j e c t to a number of assumptions which d e f i n e the 
changeover s i t u a t i o n , e .g.: s p e c i f i e d l i f e - s p a n , times of 
r e l o c a t i o n , l i m i t s on the number of r e l o c a t e d workcentres, 
l i m i t s on r e l o c a t i o n moves ( w i t h i n a p e r i o d ) , e t c . . There 
are three types of changeover: 
- i n s t a n t changeover (at time zéro) 
-slow changeover (with i n t e r m e d i a t e layouts) 
-changeover while s t o p p i n g p r o d u c t i o n f o r e a r l y b e n e f i t from 
the new l a y o u t . 
UA3 évaluâtes the changeover, on the b a s i s of M.H. c o s t s 
and workcentres r e l o c a t i o n c o s t s . M.H. d i s t a n c e s are 
c a l c u l a t e d as s t r a i g h t - l i n e s , where no t r a f f i c routes e x i s t , 
or as the s h o r t e s t d i s t a n c e s around the t r a f f i c System. In 
comparison with CRAFT and PLANET, UA3 c o n s i d e r s not o n l y the 
c o s t of journeys but a l s o e x t r a c o s t s i . e . M.H. f i x e d 
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c o s t s , c o n s i s t i n g of pick-up and set-down c o s t s . A p r i o r i t y 
r a t i n g e x p r e s s i n g the order of p o t e n t i a l g a i n f rom 
changeover i s used. Program UA3 p r i n t s détails of M. H. 
cos t s troughout the s i m u l a t i o n . 
The authors are f u l l y aware of the v u l n e r a b i l i t y of M.H. 
c r i t e r i a i f c o n s i d e r e d i n i s o l a t i o n . The dynamie f a c i l i t y 
l a y o u t draws a comparison between M.H. c o s t and the r a t e of 
p r o f i t from p r o d u c t i o n i n the new changover s i t u a t i o n on, on 
the one hand, and the c o s t of the r e l o c a t i o n of f a c i l i t i e s , 
on the other hand: t h i s produces a b e t t e r p i c t u r e of the 
changeover. 
The s i m u l a t i o n model i s designed as an a i d f o r décision 
making r e g a r d i n g changes of l a y o u t , r a t h e r than as a t o o l 
f o r a c t u a l d e t a i l e d Workshop l a y o u t . 
In the c l a s s of major and expensive s i m u l a t i o n packages 
programs MAP and CDAS were i n t r o d u c e d . 
3.2.16 MAP 
MAP -Manufacturing Automation Protokół, was developed by 
General Motors i n coopération with Boeing, and int r o d u c e d i n 
1986 by Baer [69]. The system i s a b l e to handle 3-D CAD 
data, NC t o o l paths, r o b o t s , automatic quided v e h i c l e 
i n s t r u c t i o n s and shop t r a f f i c i n s t r u c t i o n s . The MAP package 
can be i n t e g r a t e d with CAD/CAM system. According to Baer, 
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the MAP System i s very expensive and c u r r e n t l y beyond the 
means of médium and s m a l l - s i z e d companies. MAP enables 
communication and c o n t r o l of the shop f l o o r . Opérations i n 
t h i s p a r t i c u l a r a p p l i c a t i o n i n c l u d e l o a d i n g , c l e a n i n g , 
s o l d e r ing and s t a c k i n g . Using MEDUSA CADD software, the 
System was used to draw the c e l l c o n f i g u r a t i o n , but the 
levéis of manual/automatic drawing or any spécialised 
f a c t o r y l a y o u t f a c i l i t i e s are not documented. 
MAP i s c l e a r l y o r i e n t a t e d as a l a r g e s c a l e process c o n t r o l 
System, i n c l u d i n g MRPII ( m a t e r i a l r e q u i s i t i o n i n g ) programs. 
T h e r e f o r e any comparison with CAFLAP, which i s a spécial 
purpose, p l a n t l a y o u t o r i e n t a t e d system, can h a r d l y be made. 
3.2.17 CDAS 
Immediately a f t e r MAP, R o c k w e l l 1 s C o n f i g u r a t i o n Design 
A n a l y s i s and S i m u l a t i o n Environment System (CDAS) was 
intro d u c e d by T i c e [70]. I t was p r i m a r i l y designed f o r the 
s i m u l a t i o n of f u t u r e human or r o b o t i c o n - o r b i t s e r v i c i n g 
procédures d u r i n g space f l i g h t . Low f i d e l i t y computer 
graphie v i s u a l s i m u l a t i o n was used. A i l p o s i t i o n s and 
motions of o b j e c t s were c a l c u l a t e d ahead of time and c o u l d 
be r e c a l l e d i n 3-D présentation, frame by frame. T i c e 
claims t h a t CDAS can be used f o r : 
- d e s i g n i n g s p a c e c r a f t , t o o l and e r a d l e hardware, 
- a n a l y z i n g remote manipulator system 
-checking e f f e c t i v e n e s and f e a s i b i l i t y of design 
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- s i m u l a t i n g d e s i g n , r e d e s i g n , f e a s i b i l i t y and e f f i c i e n c y 
opérations. 
At the présent time, CDAS has no c o l l i s i o n d e t e c t o r . 
Grant and Weiner [71] e v a l u a t e d ten Animated S i m u l a t i o n 
Systems i n worldwide use. T h i s i n c l u d e d the "See Why" 
system a l r e a d y d e s c r i b e d i n paragraph 3.2.14. The Systems 
evaluated were: 
AutoGram, BEAM, Cinéma, Modelmaster, PCmodel, RTCS, See Why, 
SimFactory, Simple 1 and TESS. 
The f e a t u r e s compared a r e : 
- s i m u l a t i o n model b u i l d i n g system 
-animation g r a p h i e s x 
- o p e r a t i o n a l considération 
The model b u i l d i n g system i s most important both f o r the 
model b u i l d e r and f o r the user. F i v e of the above Systems 
are s p e c i a l purpose with manufacturing o r i e n t a t i o n and f i v e 
are gênerai purpose Systems. A i l but one system uses use 
two dimensional animation g r a p h i e s . Only AutoGram uses 3-D 
and the graphies d i s p l a y allows o b s e r v a t i o n of the designed 
system from différent p e r s p e c t i v e s . AutoGram allows the 
création of l a y o u t from drawings, v i a a d i g i t i s e r . The 
other Systems o f f e r mouse d r i v e n menus of c h a r a c t e r s or 
shapes. 
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The l i s t i n g of thèse f e a t u r e s r e v e a l s t h a t none of the 
s i m u l a t i o n Systems are s i m i l a r to CAFLAP. 
The Buyer's Guide to CAD Systems [72] was s t u d i e d and i t 
shows t h a t although différent CAD system o f f e r v a r i o u s and 
sometimes very s o p h i s t i c a t e d f a c i l i t i e s , none of them i s 
s i m i l a r i n opération or présentation to CAFLAP (see a l s o 
Chapter 4.2.). 
3.2.18 GRASP 
Another i n t e r e s t i n g package r e c e n t l y developed i s GRASP 
[29]. T h i s i s a p r a c t i c a l t o o l f o r the v i s u a l i s a t i o n and 
study of r e l a t i v e p o s i t i o n s of work s t a t i o n s with r e s p e c t to 
r o b o t i c s and movements of p a r t s i n 3-D Computer g r a p h i e s . 
GRASP was designed predominantly f o r : 
1) Programming robots; 
2) Process purposes (showing what the robot 
i s doing and f i n d i n g movement paths. 
A C l a s h d e t e c t o r menu can i n d i c a t e , 
by f l a s h i n g , the c l a s h of p a r t s 
or equipment); 
3) Robot purchase. 
The system i s o r i e n t a t e d on F l e x i b l e Manufacturing Systems 
(FMS) and on r e l a t i v e l y s m a l l areas or Spaces of 
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manufacturing c e l l s . At présent i t has no f a c i l i t y f o r 
l a b e l l i n g the work s t a t i o n s with tag numbers and dimensions, 
although t h i s may be a f e a t u r e of a new program GRASP 6.1 
which i s now being developed. GRASP i s c e r t a i n l y a very 
powerful system and c o u l d i n f u t u r e be expanded i n t o other 
spécifie areas. 
P a r a l l e l to the above mentioned new approaches, r e s e a r c h 
s t i l l c o n t i n u e s i n the f i e l d of ' t e c h n o l o g i c a l ' p o s i t i o n i n g 
of f a c i l i t i e s ( c o n s i d e r i n g mainly flow f a c t o r s and 
d e s i r a b i l i t y r a t i n g ) . T h i s can be seen documented by the 
works of Foulds, G i f f i n and Cameron i n 1984 [63, 64 and 65] 
and Fo u l d s , G i f f i n and Evans i n 1985 [66], 
The l a s t word i n block l a y o u t d e s i g n i s a p p a r e n t l y the study 
of Evans, Wilhelm and Karwowski [31] presented i n 1987. 
Instead of the p r e v i o u s l y mentioned techniques, they suggest 
the use of the theory of f u z z y s e t s . The authors c o n s i d e r 
flow r a t e s and REL c h a r t s as vague concepts, y e t the i n e x a c t 
data c o u l d be handled with the use of f u z z y methodology i n a 
mathematically s t r i c t way. 
However, He r r o e l e n and Van G i l s , i n 1985 [67], i n a s i m i l a r 
manner to Kaltnekar [62], c r i t i c a l l y examined the main 
stream of r e s e a r c h f o l l o w i n g the ideas of flow dominance. 
A s s e s s i n g the stream of s t u d i e s f o l l o w i n g the concept of 
CRAFT, they come to the f o l l o w i n g c o n c l u s i o n : 
"Using flow complexity measures to deci d e on the 
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p a r t i c u l a r l a y o u t c o n f i g u r a t i o n to be installée! 
... i s a mere n e g l e c t of the many c o m p l e x i t i e s 
i n v o l v e d i n d e s i g n i n g a p l a n t l a y o u t and m a t e r i a l s 
handling System..." 
"...the l a y o u t complexity i s s u e i s i n desperate 
need of f u r t h e r r e s e a r c h . . . " 
A i l the above références show methodical différences i n 
approach to s o l v i n g l a y o u t problems and a genuine e f f o r t to 
f i n d a way of f a c i l i t a t i n g the i n d u s t r i a l / l a y o u t e n g i n e e r ' s 
work. Despite a i l t h i s e f f o r t , Lockyer's c l a i m [21] tha t 
the l a y o u t s s t i l l have to be designed e n t i r e l y manually, 
p e r s i s t s . The W r i t e r b e l i e v e s t h a t t h i s f a i l u r e to f i n d a 
b e t t e r method was not o n l y caused by the f a c t t h a t i n 
Fa c t o r y Layout Pla n n i n g "there are a number, and sometimes 
c o n f l i c t i n g requirements" (as claimed by Lockyer [3]) or by 
methodology of approach, but a l s o by the s t a t e of computer 
s c i e n c e . As i n many other e n g i n e e r i n g f i e l d s , i t i s the 
récent development of the techniques i n computer g r a p h i e s 
that i s g e n e r a l l y opening new h o r i z o n s . In t h i s p a r t i c u l a r 
work i t i s thèse techniques which have made CAFLAP p o s s i b l e ! 
4. COMPUTER AIDED FACTORY LAYOUT PLANNING 
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4.1 ENUNCIATION OF THE PROBLEM 
Fact o r y Layout P l a n n i n g " i s at best an imprecise c r a f t " and 
" l a y o u t p l a n n i n g never developed i n t o a c l e a r procédure" 
s t a t e d Muther ( [ 5 7 - P r e f a c e ] , [ 4 ] ) . Nugeht [38] and o t h e r s 
see i t s c o m b i n a t o r i a l nature. " F a c t o r s i n f l u e n c i n g l a y o u t 
are numerous" says Kaltnekar [62]. Order, p r o d u c t , 
p r o d u c t i o n programme, p r o d u c t i o n p l a n n i n g , p r o d u c t i o n , 
manufacturing Systems, c o s t of product, and c a p i t a l 
investment are j u s t the main f a c t o r s i n f l u e n c i n g F a c t o r y 
Layout Planning (Fig.2.) to be quoted. 
Only with a i l the d i g e s t e d knowledge of what Fa c t o r y Layout 
Planning i n v o l v e s (see Chapter 1,2 and 3) i s i t p o s s i b l e to 
s e l e c t the area of l a y o u t p l a n n i n g which i s s u i t a b l e f o r 
methodological improvements with the use of computers. 
Henee the area of space demands and space r e l a t i o n s h i p has 
been s e l e c t e d as the main t o p i c f o r t h i s T h e s i s . C o n t r a r y 
to a i l the above mentioned packages, CAFLAP s o l v e s SPACE 
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CAFLAP c o n s i d e r e s the r e l a t i v e p o s i t i o n s of 'Spaces 1 
(Manufacturing Space, Product Space see s e c t i o n 4.2) 
c o n d i t i o n e d by the t e c h n o l o g i c a l requirements and demands of 
optimum u t i l i s a t i o n of b u i l d i n g Space ( C i v i l E n g i n e e r i n g 
Space). 
To f u l f i l the task, the f o l l o w i n g p a r t i c u l a r áreas and steps 
are c o n s i d e r e d : 
a) Manufacturing, as a System, i s r e - d e f i n e d f o r the 
purpose of Computer Aided F a c t o r y Layout Pla n n i n g i n 
dynamic and s p a t i a l terms. 
b) The définition of a Work S t a t i o n Module as a new 3-D 
'témplate' f o r the use i n computer g r a p h i e s i s 
e s t a b l i s h e d . (A Spécimen of a Work S t a t i o n Card which 
can a l s o be used f o r the purposes of a complete 
computer aided P r o d u c t i o n / Industr i a l / P r o j e c t 
E n g i n e e r i n g c o n t r o l and p l a n n i n g System, i s developed.) 
M a t e r i a l Handling S t u d i e s , r e g a r d i n g Space and i t s 
' f i l l i n g ' are pursued. 
c) A s p e c i f i c computer gra p h i e s System, PICASO (see 
s e c t i o n 4.4), i s s e l e c t e d . 
d) The p r i n c i p i e of a 'continuous i n d u s t r i a l bay' and 
'Product Space Zone', as an a i d f o r l a y o u t p l a n n i n g , i s 
d e f i n e d . 
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e) Programs f o r the d e s i g n of i n d i v i d u a l Work S t a t i o n 
Modules, B u i l d i n g s , and f o r Manual P o s i t i o n i n g of Work 
S t a t i o n Modules are w r i t t e n . 
f) A program f o r the m a n i p u l a t i o n of the whole scène to 
allow the user to observe the l a y o u t from a r e q u i r e d 
p o s i t i o n i s w r i t t e n . 
g) The development of the System i n t o an automatic 
p o s i t i o n i n g System, c o n s i d e r i n g mainly the 
i n t e r d e p e n d e n c e / i n t e r a c t i o n of Spaces, i s contemplated: 
programs using a combination of automatic and manual 
p o s i t i o n i n g are developed. 
h) The c r i t e r i a f o r the automatic c o l l i s i o n course f i n d i n g 
of work s t a t i o n s w ith b u i l d i n g éléments are 
e s t a b l i s h e d . 
The end product i s an automated t o o l , a s s i s t i n g engineers to 
d e s i g n / o p t i m i s e the l a y o u t , i n terms of most economic space 
u t i l i s a t i o n , w h i l e m a i n t a i n i n g 1 t e c h n o l o g i c a l ' p o s i t i o n i n g . 
A l o n g s i d e the main l a y o u t Problems i t was a l s o found 
e s s e n t i a l to c o n s i d e r : 
- P r o d u c t i o n Management c o n d i t i o n s (see 4.2). 
- M a t e r i a l Handling problems i n f l u e n c i n g the Layout and 
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the s i z e of the I n d u s t r i a l Bay (see 4.2). 
- R e t r i e v i n g work s t a t i o n s f o r a suggested p r o d u c t i o n 
l i n e front a c h r o n o l o g i c a l l i s t . T h i s happens a f t e r the 
' t e c h n o l o g i c a l 1 p o s i t i o n of work s t a t i o n has been 
determined. 
C a p a c i t y c a l c u l a t i o n f o r F e a s i b i l i t y Study and 
Investment P r o j e c t (e.g. number of work s t a t i o n s 
needed e t c . ) . 
The CAFLAP System was o r i g i n a l l y aimed at l a y o u t and 
r e - l a y o u t of a medium-size e n g i n e e r i n g company with batch 
type p r o d u c t i o n and with a maximum product weight 60kN. 
4.2 SYSTEM MANUFACTURING 
In the l a s t décade manufacturing has ceased to be observed 
as a pure mechanical technology problem. The i n c r e a s e i n 
o v e r a l l p r o d u c t i o n output i s no longer c o n s i d e r e d to be 
p u r e l y a matter of the i n t r o d u c t i o n of more advanced 
machining or other t e c h n o l o g i c a l methods. S t u d i e s of 
machine break-down, f o r example, have l e d to a new approach 
to maintenance. S i m i l a r l y , concern about the human f a c t o r 
f a i l u r e i n f u l f i l l i n g the requested t a s k s a c c u r a t e l y and i n 
the s h o r t e s t p o s s i b l e time and consequently, s t u d i e s of the 
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r e l a t i o n s h i p between workers and t h e i r environment, have 
brought about the development of a new d i s c i p l i n e : i . e . 
Human Factor E n g i n e e r i n g , or Ergonomics. Attempts to 
optimi s e the o p e r a t o r ' s output have r e s u l t e d i n the 
development of the s u b j e c t of S y n e r g e t i c s . 
Maintenance : 
To avoid e x c e s s i v e wear and tear and break-down of machines 
a System of 'Planned Maintenance' has been developed. The 
p r i n c i p l e s of planned or préventive maintenance have been 
known f o r many years, but were formulated m e t h o d i c a l l y i n 
the s i x t i e s i n the s t u d i e s of the M i n i s t r y of Technology 
[73]. S i n c e then the i n t e r e s t i n Planned Maintenance has 
been growing s t e a d i l y : the works of C l i f t o n [74] , 
Heintzelman [75] and Patton [76] are of note. 
Planned Maintenance créâtes c o n d i t i o n s f o r d i m i n i s h i n g the 
l o s s e s r e s u l t i n g from machines down-time. In an attempt to 
minimise the maintenance demands and c o s t s , a new d i s c i p l i n e 
i n machnine d e s i g n , 'Design f o r Maintenance', has been 
developed. 
Planned Maintenance i s d e f i n e d as an a c t i v i t y i n c l u d i n g a i l 
necessary works on, and s e r v i c e s o f , work s t a t i o n s 
(machines), o r g a n i s e d i n pre-planned time c y c l e s , to 
maintain them i n good working o r d e r . 
Maintenance requirements are a l s o d e s c r i b e d i n many f a c t o r y 
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management books e.g. Lockyer's 'Factory and P r o d u c t i o n 
Management' [21]. I t should be s a i d t h a t maintenance 
p r a c t i c e and maintenance c y c l e s vary from i n d u s t r y to 
i n d u s t r y , and with the type of machinery i n s t a l l e d . 
However, there i s an u n d e r l y i n g g e n e r a l p a t t e r n of planned 
c y c l e s of improvement and of préventive and c o r r e c t i v e 
maintenance, as formulated by Patton [76], 
Larger time s c a l e c y c l e s (years) u s u a l l y c o n t a i n p r o v i s i o n 
f o r : 
- Préventive Maintenance (Appendix 1-9) ( g r e a s i n g , c l e a n i n g , 
a d j u s t i n g , r e p a i r s t a k i n g l e s s than 3 hours, e t c . ) ; 
- Major Overhaul (complete i n s p e c t i o n , p a r t s replacement, 
rénovations); 
- S a f e t y I n s p e c t i o n s (élimination of s a f e t y h a z a r d s ) ; 
- M o d i f i c a t i o n and M o d e r n i s a t i o n (altération of présent 
machines f o r more demanding f u n c t i o n s , e.g. g e a r i n g ) ; 
and 
- Emergency Repairs to keep equipment o p e r a t i v e 
( t a k i n g more than 3 h o u r s ) . 
From the above mentioned types of maintenance s e r v i c e s , 
Préventive Maintenance i s the most important f o r CAFLAP. I t 
i s i t s e l f o r g a n i s e d w i t h i n s m a l l e r c y c l e s (day or week): 
du r i n g s h i f t s - o i l i n g , g r e a s i n g , a d j u s i n g ; 
between s h i f t s - i n s p e c t i o n , a d j u s t i n g , o i l i n g ; 
d u r i n g n i g h t s h i f t (24 hrs i n t e r v a l ) - c l e a n i n g , s m a l l 
r e p a i r s t a k i n g l e s s than 3 h r s , e t c . 
As the s e r v i c e s are performed i n the area of the work 
s t a t i o n , they c r e a t e demands on Maintenance Space. In the 
pas t , when importance of Planned Maintenance was not w i d e l y 
re c o g n i s e d , the space needed f o r maintenance was o f t e n 
overlooked or neglected at the d e s i g n stage. Losses 
r e s u l t i n g from t h i s were évident. I t i s important to note 
that i n the CAFLAP system developed here, the p r o v i s i o n f o r 
Maintenance Space i s embodied. 
Design f o r Maintenance means g i v i n g the necessary support to 
a i l the f u n e t i o n s of the machine. For example, an easy 
access to a i l o i l i n g , g r e a s i n g and i n s p e c t i o n p o i n t s must be 
guaranteed. Assembly procédures/provisions should serve 
easy replacement of p a r t s and f o r a i l other maintenance 
purposes. Energy supply l i n e s ( p i p e s , c a b l e s ) , should be 
designed i n such a way as to avoid c r o s s i n g problems d u r i n g 
maintenance. L u b r i c a t i o n and c o o l i n g should always be on 
the o p p o s i t e s i d e of the o p e r a t o r ' s p o s t . Where p o s s i b l e , 
maintenance f r e e m a t e r i a l ( e . g . p l a s t i c , s i n t e r e d bronzes) 
should be used. Swarfing ( c l e a n i n g of machine t o o l s from 
a i l s c r a p of machining process) should be designed f o r most 
ease of removal [22]. 
Both Design f o r Maintenace and Planned Maintenance are 
determining f a c t o r s i n f l u e n c i n g the demands on space around 
any work s t a t i o n . T h i s , denoted i n CAFLAP as MAINTENANCE 
SPACE, i s f u r t h e r d i s c u s s e d i n paragraph 4.2.1.1 and 4.5.1. 
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Human Fact o r E n g i n e e r i n g - Ergonomics: 
Human Fact o r Engineer ing i s a branch of technology t h a t 
h e l p s to d e s i g n machines, Operations, and environment to 
match human a b i l i t y and l i m i t a t i o n s . Human F a c t o r 
Engineering i s a term used mainly i n the USA [82], 
The term Ergonomics i s used mainly i n Europe [21,81] and the 
d e f i n i t i o n i s s l i g h t l y d i f f e r e n t from t h a t of Human Fact o r 
E n g i n e e r i n g . Ergonomics i s Seen as s c i e n t i f i c study of the 
r e l a t i o n s h i p s between man and h i s work environment. The 
f i r s t s t u d i e s i n what i s now c a l l e d Ergonomics, s t a r t e d as 
e a r l y as i n World War Two. E x p l a n a t i o n s were sought as to 
why bombs and b u l l e t s o f t e n missed t h e i r t a r g e t s , p l a n e s 
crashed and f r i e n d l y s h i p s were sunk without apparent 
reason: i t was d i s c o v e r e d t h a t a human f a c t o r had 
f r e q u e n t l y to be blamed. A f t e r the war res e a r c h continued 
i n manufacturing i n d u s t r y where the reasons f o r a high 
percentage of f a u l t y products were s t u d i e d . 
Again the human f a c t o r was found r e s p o n s i b l e . The main 
sources of problems were: 
Monotony of work ( e s p e c i a l l y on assembly l i n e s ) ; 
F a t i g u e from heavy tasks; 
Badly designed machine t o o l s , equipment and instruments; 
Badly designed work S t a t i o n l a y o u t ; 
I n f l u e n c e of shortcomings i n the immediate environment 
( L i g h t i n g , Noise, V e n t i l a t i o n , Heating, e t c . ) . 
From the above f a c t o r s i t can be Seen th a t the d e s i g n of 
Work S t a t i o n Layout i s very r e l e v a n t to CAFLAP, and 
e s p e c i a l l y to the d e s i g n of a Work S t a t i o n Module - Man 
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Space (see 4.2.1.3). 
The p h y s i c a l f a c t o r s of Work S t a t i o n Layout, which have a 
dominating i n f l u e n c e on the opération are: 
- maximum p h y s i c a l comfort of the o p e r a t o r ; 
- good view, e n a b l i n g the opera t o r to see a i l phases of 
the manufacturing p r o c e s s ; 
- good access to a i l important p a r t s of work s t a t i o n ; 
- a réduction of p h y s i c a l s t r a i n to a minimum. 
Mental f a c t o r s of Work S t a t i o n Layout, which are of equal 
importance to p h y s i c a l ones from the c o n t r o l p o i n t of view, 
are : 
- operator should be able to e x e r c i s e c o n t r o l e a s i l y and 
with accuracy; 
- sources of mental s t r a i n t h a t d i s t r a c t the o p e r a t o r ' s 
a t t e n t i o n from making judgements and décisions needed 
f o r the job should be e l i m i n a t e d ; 
- s t r e s s from l a c k of space or unsafe working p r a c t i c e s 
should be prevented. 
Thèse ergonomie f a c t o r s are determining the demands on space 
i n which the operator i s working. T h i s , denoted i n CAFLAP 
as MAN SPACE, i s d i s c u s s e d f u r t h e r i n paragraph 4.2.1.3. 
S y n e r g e t i c s : 
S y n e r g e t i c s i s a r e l a t i v e l y new s c i e n c e which i s s t u d y i n g 
s e t s of e f f e c t s of work environment on o p e r a t o r s [27,28]. 
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I t i s t r y i n g to e s t a b l i s h the best c o n f i g u r a t i o n and 
combination of s e t s of éléments and t h e i r i n f l u e n c e s , to 
achieve optimum performance. From the S y n e r g e t i c s p o i n t of 
view, CAFLAP i s t r y i n g to f i n d the best arrangement of work 
s t a t i o n s i n d e t a i l l a y o u t (see 4.3). 
A study of a i l the above aspects has, i n the présent CAFLAP 
work, l e d to a new appréciation of dynamic and s p a t i a l 
r e l a t i o n s h i p s w i t h i n a manufacturing System, and to t h e i r 
r e c o n s i d e r a t i o n f o r the puposes of CAFLAP. 
But, before the System i s ânalysed i n détail, the shop f l o o r 
s i t u a t i o n , as i t i s r e c o g n i s e d i n today's f a c t o r i e s , has to 
be summed up. 
A c l a s s i c a l P l a n t Layout (shop f l o o r space) u s u a l l y 
comprises the f o l l o w i n g Areas: 
a) Manufacturing Area 
b) Manufacturing S e r v i c e s Area 
c) Non-Manufacturing Area 
d) Stock Area 
e) A i s l e s Area 
f) U n r e h a b i l i t a t e d Area 
Other areas i n c l u d e : 
1. A d m i n i s t r a t i o n O f f i c e s 
2. Employée F a c i l i t i e s 
3. F a c t o r y O f f i c e s 
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4. Garages 
5. S e r v i c e s (Energy) 
e t c . 
CAFLAP c o u l d , of course, c o n s i d e r the l a y o u t of a l l áreas, 
but because the Manufacturing Area i s the most important 
(sometimes i t occupies over 50% of a l l other áreas), the 
present work i s concentrated on t h i s área. 
As from the p o i n t of view of system approach, complex 
problems can be seen more c l e a r l y , t h i s methodology has been 
used i n the f o l l o w i n g c l a s s i f i c a t i o n . 
4.2.1 SYSTEMS 
A manufacturing system expressed i n 
terms f o r the purposes of CAFLAP 
c l a s s i f i e d [15] as f o l l o w s : 
A) Higher Systems - región, s t a t e , c o n t i n e n t , world.. e t c . 
B) wider System - Plant,Factory,Company. 
Systems, w i t h i n the wider system, a r e : 
a) System Management and A d m i n i s t r a t i o n : 
- Management c o n t r o l l e v e l (Personnel, P urchasing, 
F i n a n c i a l , S a l e s , Marketing, Prodn. c o n t r o l , 
dynamic o r g a n i s a t i o n 
{see Fig.3.} can be 
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Prodn. p l a n n i n g , I n d u s t r i a l eng., e t c . ) ; 
b) System Research and Development, Dràwing O f f i c e ; 
c) System S e r v i c e s : 
- Health and S a f e t y , C a t e r i n g , Maintenance, S t o r e s , 
Swarfing, Scrap c o n t r o l , P l a n t and B u i l d i n g 
S e r v i c e s , Power, Energy Supply e t c . ; 
A) Higher Systems are region, s t a t e , continent, world,, e t c , 
^ B) older system Is Plant,Factory,Company, 
a) System Management and Administration 
Marketing, 
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Dravlng o f f i c e . 
dï System nanufacturlngi 
Sub-systeos: 
- Manufacturing ( I n c l . Horte s t a t i o n s , 
Svarflng, services e t c ) . 
- Man - Manning (Operators, F i t t e r s e t c ) . 
- Material ( i n c l . Material Handling, 
w.I.P, Product intermediate stores e t c ) . 
F i g . 3. MANUFACTURING SYSTEM EXPRESSED IN DYNAMIC ORGANISATION TERMS 
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d) System Manufacturing: 
Here Sub-systems can be d i s t i n g u i s h e d : 
- Manufactur ing ( i n c l . Work S t a t i o n s , Swarfing, 
Manufacturing ( A u x i l i a r y ) S e r v i c e s etc.) 
- Man (Operators, F i t t e r s e tc.) 
- M a t e r i a l ( i n c l . M a t e r i a l Handling, Intermediate 
S t o r e s etc.) 
The above dynamic o r g a n i s a t i o n Systems have to be p h y s i c a l l y 
accommodated ( i n s p a t i a l terms) and i t i s obvious t h a t the 
Systems and sub-systems would have t h e i r own spécifie 
requirements on p h y s i c a l p r o p e r t i e s of b u i l d i n g s ( f l o o r s , 
areas, s p a c e s ) . 
Hence the Wider System, expressed i n s p a t i a l terms {Fig.4.}, 
w i l l comprise: 
a. O f f i c e s (System Management and A d m i n i s t r a t i o n , 
Drawing O f f i c e , R+D) 
b. S p e c i a l Areas (System S e r v i c e s , L a b o r a t o r i e s , e t c . ) 
c. Shop Floor/Space (Layout) 
which has to aecommodate the System Manufacturing 
and i t s sub-systems: 
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A) Hlgner Systems are région, state, continent, world 
B) Wider System ls Plant,Factory (Area, P l o t , Ind. Estate) 
. J 
I a. Offices (System 
jftanagement and Administration 
| Draning O f f i c e , R+D) 
b, Special Areas | 
l<^ystera Services, Laboratories, etc) 
/ 
. . L 
BUILDING - CIVIL ENGINEERING SPACE 





-Manufacturlng Services Space 
(Tool c r l b , Gringing e t c ) . 
F i g . 
MANUFACURING SYSTEM EXPRESSED IN SPATIAL TERMS 
i 
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- Manufacturing Space 
- Product Space 
- Man Space 
- Manufacturing S e r v i c e s (Appendix 1-10) Space 
(Tool C r i b , C u t t e r G r i n d e r s etc.) 
- S e r v i c e s (Appendix 1-11) Space (Power, Water e t c . ) 
The design of o f f i c e s and s i m i l a r areas i s u s u a l l y the 
domain of a r c h i t e c t s . The i n d u s t r i a l or l a y o u t engineer 
f u r n i s h e s them with i n f o r m a t i o n r e l e v a n t to a d m i n i s t r a t i o n 
and p r o d u c t i o n requirements, f o r example, the number of 
s t a f f to be accommodated, the o f f i c e equipment needed, e t c . . 
Spécial areas are u s u a l l y designed through c o - o p e r a t i o n 
between a r c h i t e c t s and e n g i n e e r s . In r e s p e c t of 
manufacturing areas i t i s the f a c t o r y l a y o u t engineer who i s 
p r i n c i p a l l y i n v o l v e d . A r c h i t e c t s or other p r o f e s s i o n a l s 
a l s o t r y to e x e r c i s e t h e i r i n f l u e n c e i n thèse areas, but 
such approaches must be c o n s i d e r e d as secondary because they 
cannot guarantee t e c h n o l o g i c a l l y o r i e n t a t e d , c o s t e f f e c t i v e 
p r o d u c t i o n . 
I t i s the i n t e n t i o n here to h i g h l i g h t the spécial f e a t u r e s 
of manufacturing areas from a F a c t o r y Layout Planning p o i n t 
of view, and a d i s c u s s i o n of the spaces of main concern 
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f o l l o w s . 
4.2.1.1 MANUFACTURING SPACE 
Manufacturing Space i s d e f i n e d as the whole space where 
product [84] manufactur ing i s performed, i . e . i t i s the 
space occupied by: 
-Work S t a t i o n s [ 8 4 ] ( i n c l . a c c e s s o r i e s ) , Work Centres 
i n c l u d i n g assembly, i n s p e c t i o n , p a i n t i n g e t c . 
- O p e r a t i o n a l Space (space f o r a i l movements of work 
s t a t i o n p a r t s , e s s e n t i a l f o r smooth p r o d u c t i o n flow 
e . g . r o b o t i c s , and movements of M a t e r i a l or Work i n 
Progress (W.I.P.) [84] w i t h i n the work s t a t i o n ) . 
- work s t a t i o n Maintenance and Repair Space. 
The s m a l l e s t , s e l f - c o n t a i n e d u n i t of Manufacturing Space i s 
a WORK STATION MODULE which i s a sum t o t a l of a i l three 
Spaces and i n c l u d e s Man Space (see below). I t i s simul a t e d 
as a 3-D computer drawn template {see Fig.5.}. See a l s o 
program 1WSBUILDR.FOR1, Chapter 4.5.1, and Appendix I I . 
The WORK STATION MODULE i s a l s o p a r t of the Work S t a t i o n 
Card c o n t a i n i n g manufacturing and other i n f o r m a t i o n 
regarding the work s t a t i o n (Appendix I I I , Drawing No. 1, 
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4.2.1.2 PRODUCT SPACE 
Product Space i s d e f i n e d as the space occupied by the Flow 
of Materiał, W.I.P., Product, Swarf and Scrap. I t i n c l u d e s 
the space needed f o r Materiał Handling eąuipment and 
Intermediate S t o r e s . 
NOTE: For machinę i n t e r f a c e s (deployment of robots e tc.) 
Product Space ends from the very moment when/where the 
W.I.P. i s attached to the work s t a t i o n . A moving work 
s t a t i o n i s c o n s i d e r e d as a s p e c i a l case of Manufacturing 
Space. 
4.2.1.3 MAN SPACE 
Man space i s d e f i n e d as the space necessary f o r o p e r a t o r ( s ) , 
f i t t e r ( s ) , e t c . to perform a l l the d u t i e s regarding the 
manufacturing p r o c e s s , and i s designed i n accordance with 
the ergonomie p r i n c i p l e s . 
4.2.1.4 MANUFACTURING SERVICES (AUXILIARY) SPACE 
Manufacturing s e r v i c e s ( A u x i l i a r y ) space i s d e f i n e d as tha t 
space r e q u i r e d to accommodate machinę s e r v i c e s , e.g. T o o l 
C r i b , C u t t e r G r i n d e r s , T o o l Salvage e t c . 
4.2.1.5 SERVICES SPACE 
S e r v i c e s Space comprises d u c t s , e n c l o s u r e s , c a b l e t r a y s . 
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e t c . , and/or maintenance steelwork accomodating supply l i n e s 
of gasses, power, t e c h n o l o g i c a l water, c o o l a n t , o i l s e t c . 
for manufacturing purposes. 
4.2.1.6 SHOP FLOOR "BREATHING SPACE" 
Shop f l o o r " Breathing Space" i s the space where NONE of the 
above spaces are i n c l u d e d . ( I t c o u l d be empty). In 
p r a c t i c e a space l i k e t h i s i s u s u a l l y kept as r e s e r v e to 
accommodate s m a l l changes i n l a y o u t , and expansion. I t i s 
u s u a l l y u t i l i z e d as a d d i t i o n a l i n t e r m e d i a t e s t o r e . 
I t should be noted t h a t a l l the ' t e c h n o l o g i c a l ' spaces are 
c o n s i d e r e d above as w e l l as below zero f l o o r l e v e l a c c o r d i n g 
to s p e c i f i c s i t u a t i o n and needs. 
Foundations of work s t a t i o n s , equipment, e t c . , are 
c o n s i d e r e d as being p a r t of the spaces (sub-systems) to 
which the work s t a t i o n s , equipment, e t c . , belong (e.g. 
foundation f o r a p r o d u c t i o n m i l l i n g machine i s c o n s i d e r e d i n 
the sub-system Manufacturing Space). 
4.2.1.7 BUILDING - CIVIL ENGINEERING SPACE 
B u i l d i n g - C i v i l E n g i n e e r i n g Space i s d e f i n e d as the space 
p h y s i c a l l y accommodating a l l ' t e c h n o l o g i c a l 1 spaces 
(Manufacturing Space, Product Space, Man . Space, 
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Manufacturing S e r v i c e s Space, S e r v i c e s Space, and B r e a t h i n g 
Space), and i s p r o v i d i n g a s u i t a b l e environment. 
The space i n c l u d e s : 
Foundations of b u i l d i n g s (columns etc.) 
F l o o r s , S t a i r c a s e s , P l a t f o r m s , P i t s , Ramps e t c . 
Columns 
Storm and sewerage water ducts 
D r i n k i n g water p i p i n g 
W a l l s , B a r r i e r e , Doors, Windows 
Roof s t r u c t u r e 
Any u n s p e c i f i e d s t r u c t u r a l s u p p o r t s , s t i f f e n e r s , e t c . 
Heating and V e n t i l a t i o n , and 
L i g h t i n g . 
4.2.2 PRODUCTION PROGRAMME 
The reasons f o r wishing to change the l a y o u t of a f a c t o r y 
such as market f o r c e s , orders and p r o d u c t i o n c a p a c i t y 
requirements were c o n s i d e r e d , but are not p a r t of t h i s 
study. I t i s assumed only t h a t the P r o d u c t i o n Programme has 
been determined t h a t and a new l a y o u t has been requested. 
The P r o d u c t i o n Programme b a s i c a l l y c o n d i t i o n s the type of 
p r o d u c t i o n (technology, opérations, types of machines, and 
equipment), and t h i s d i r e c t l y i n f l u e n c e s the type of l a y o u t 
(as quoted i n I n t r o d u c t i o n , Chapter 1.). 
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4.2.2.1 INFLUENCES OF PRODUCTION PROGRAMME 
ON DESIGN OF MANUFACTURING SPACE 
In Chapter 3. were d i s c u s s e d some computer aided Systems 
which a l s o c o n s i d e r P r o d u c t i o n Programmes. They sometimes 
use very s o p h i s t i c a t e d methods to a r r i v e at a very simple, 
and u s u a l l y the only p o s s i b l e , s o l u t i o n : i . e . , p o s i t i o n i n g 
work s t a t i o n s ' t e c h n o l o g i c a l l y ' i n an o r d e r / l i n e , which i s 
at the same time an economic optimum. 
I t i s a l s o the p r a c t i c a l l a y o u t s t r a t e g y (see 4.3) of 
p o s i t i o n i n g work s t a t i o n s i n a r e a l i n d u s t r i a l bay t h a t 
dictâtes [13] the order of work s t a t i o n s . T h i s c o u l d be, i n 
an overwhelming number of cases, o n l y a p h y s i c a l l i n e of 
i n t e r r e l a t e d work s t a t i o n s . 
Once a 1 t e c h n o l o g i c a l 1 p o s i t i o n of work s t a t i o n s i s computed 
(by any of the s u i t a b l e Systems mentioned i n Chapter 3.), or 
i n t e l l i g e n t l y e s t a b l i s h e d , the a c t u a l l a y o u t may be designed 
with CAFLAP S y s t e m i n a s t r a i g h t f o r w a r d manner. CAFLAP 
System opérations S t a r t from the very moment when a 
1 t e c h n o l o g i c a l 1 order of work s t a t i o n s i s e s t a b l i s h e d , and 
t h i s data i s fed i n t o the System. I t can be s a i d t h a t the 
type of P r o d u c t i o n Programme, or even type of l a y o u t , has no 
bearing on the de s i g n of manufacturing space by CAFLAP 
System. Ne i t h e r can i t i n f l u e n c e the performence of CAFLAP 
i t s e l f . 
I 
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4.2.2.2 INFLUENCES OF PRODUCTION PROGRAMME 
ON DESIGN OF PRODUCT SPACE 
The P r o d u c t i o n Programme cannot be con s i d e r e d i n i s o l a t i o n 
and the i n f l u e n c e s of P r o d u c t i o n Management techniques 
( s t a t e of o r g a n i s a t i o n ) must a l s o be c o n s i d e r e d . Together 
they c r e a t e needs f o r s i z e of a i s l e s , s t o r e s , i n t e r m e d i a t e 
s t o r e s and Product Space next to work s t a t i o n s . 
When d e s i g n i n g the s i z e of a i s l e s , the b a s i c u n i t to be 
con s i d e r e d i s the U n i t Load (expressed i n dimensions, 
wi d t h x l e n g t h x h e i g h t , and i n volume/hr or w e i g h t / h r ) . U n i t 
Load i s d e f i n e d as an optimum load i n M a t e r i a l Handling 
(M.H.) to s a t i s f y a i l p r i n c i p l e s of s t a n d a r d ! z a t i o n ; or 
simply as " a u n i t to be moved or handled a t one time" as 
suggested by Tompkins and White [39]. 
For the purposes of d e r i v i n g the computer g r a p h i e s 
e x p r e s s i o n , the b a s i c équations from Hydrodynamics was 
co n s i d e r e d : 
tu* =Q / F where to" = speed of movements 
of U n i t Loads (m/hr) 
Q = Volume of U n i t Loads 
manufactured per u n i t 
of time (eu.m/hr) 
F = s e c t i o n a l area a v a i l a b l e 




f = Q /or . w w = A i s l e width (m) 
f = " f i l l i n g " of the Bay (m) 
i s h eight of the A i s l e 
u t i l i s e d f o r M.H., 
( i n d i c a t e s the d e n s i t y 
of M.H. ). 
I t has to be s a i d t h a t the above considérations o n l y serve 
as an a u x i l i a r y guide because the r e a l movement of m a t e r i a l 
i n batch p r o d u c t i o n i s i n paces. However, such équations 
help to d e f i n e the optimum dimensions of t r a n s p o r t a i s l e s 
when t r a n s l a t e d i n t o computer gra p h i e histograms. 
Further the value 1 f f ( f i l l i n g ) can: 
a) I n d i c a t e any slowdown i n M.H. area, or p r o d u c t i o n area 
and, once the optimum value i s e s t a b l i s h e d , any 
déviation could be monitored, i . e . i t could be used as 
a t o o l f o r the P r o d u c t i o n C o n t r o l Department; 
b) Show what speed of movements i n Product Space i s 
r e q u i r e d ; how many M.H. v e h i c l e s , f o r k - l i f t t r u c k s , or 
what s o r t of M.H. means of t r a n s p o r t are needed. 
Computer Program 'Ml00.FOR 1 was contemplated to p r o v i d e 
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b a s i c data f o r the above. 
In order to d e s i g n the s i z e of Product Space at work 
s t a t i o n s , the f o l l o w i n g b a s i c Systems have to be c o n s i d e r e d : 
Two B i n system, J u s t - i n - T i m e System (KANBAN) and Base Stock 
c o n t r o l [77,78,79,80]. For any of thèse Systems 
présentation of Product Space créâtes spécial problems, and 
thèse are d e a l t with i n s e c t i o n 4.3 Layout S t r a t e g y . 
The product mix and s i z e of batches can i n f l u e n c e Product 
Space (see 4.2.1.2) c o n s i d e r a b l y , but only i f the batches 
are very s m a l l . T h i s has, of course, to be co n s i d e r e d i n 
c o n j u n c t i o n with M.H. c y c l e and u n i t l o a d s . 
A u n i t load (Ul) has requirement f o r space (Us); 
the t o t a l time r e q u i r e d f o r machining of a batch i s Tb, 
and the d u r a t i o n time of a r e g u l a r M.H. c y c l e i s Tmh. 
I f a u n i t load i s equal to one batch, and time Tb i s N times 
smaller than M.H. c y c l e (Tmh), 
TV 
Tmh = Tb x N (or Tmh = ^  Tb) 
then Product Space (Ps) -space next to work s t a t i o n 
a v a i l a b l e f o r u n i t loads w a i t i n g f o r machining or t r a n s p o r t -
must be i n c r e a s e d N times. 
Ps = N x Us (or Ps = Us) 
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Or, v i c e v e r s a , m a t e r i a l h a n d l i n g c y c l e must be shortened 
(which would i n c r e a s e M.H. c o s t s ) . 
The above considération i s of gênerai v a l i d i t y , i n c l u d i n g 
the i n c r e a s i n g l y popular J u s t - i n - T i m e System ( J I T ) . 
I f the JIT (KANBAN) System i n p r o d u c t i o n c o n t r o l i s used, 
each Kanban (Shop s i g n , card) r e p r e s e n t s a u n i t l oad -or 
c o n t a i n e r l o a d , a c c o r d i n g to Burbidge [77]. Apart from 
i d e n t i f y i n g the contents of a m a t e r i a l c o n t a i n e r , Kanban i s 
used to order a replacement supply when a c o n t a i n e r i s 
i s s u e d . Kanban p r a c t i c a l l y d e f i n e s the s i z e of a batch. 
The number of Kanbans i s s u e d i n d i c a t e s the number of batches 
( u n i t loads) i n the p r o c e s s , and détermines the s i z e of the 
base stock. In other words: the more Kanbans, the l a r g e r 
the base s t o c k . T h i s leads to demands for i n c r e a s e d 
P r o d u c t i o n Space g e n e r a l l y . 
I t must be concluded t h a t , a p a r t from s t y l e of p r o d u c t i o n 
management, the Product Space i s i n f l u e n c e d mainly by the 
type of M.H. equipment. 
Other product spaces, S t o r e s and Intermediate Stores should 
be designed i n t e l l i g e n t l y , but c o u l d be i n c o r p o r a t e d i n t o 
automatic l a y o u t System as i n d i v i d u a l modules. 
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O v e r a l l C o n c l u s i o n : 
I n s u f f i c i e n t Product Space g e n e r a l l y r e s u l t s i n 
d i f f i c u l t i e s , e s p e c i a l l y i n the f o l l o w i n g areas: 
- shop f l o o r management/production management 
- m a t e r i a l h a n d l i n g (clumsy and slow M.H., bad access) 
- s a f e t y 
E x c e s s i v e Product Space r e s u l t s i n an o v e r a l l i n c r e a s e of 
shop f l o o r / space and t h i s créâtes waste i n the f o l l o w i n g 
sphères : 
- m a t e r i a l h a n d l i n g c o s t s (bigger d i s t a n c e s ) , 
- v e n t i l a t i o n and hea t i n g c o s t s , 
- l i g h t i n g c o s t s , 
- maintenance c o s t s , and 
- l a r g e r c a p i t a l investment c o s t s . 
The above i n d i c a t e s t h a t the de s i g n of an optimum Product 
Space i s q u i t e a d i f f i c u l t task c o n s i d e r i n g the v a r i a b i l i t y 
of f a c t o r s i n v o l v e d . I t i s made even more complicated by 
the requirements of computer gr a p h i e présentation and t h i s 
leads to the development of a n o v e l t y i d e a : the concept of 
a PRODUCT SPACE ZONE (see the f o l l o w i n g s e c t i o n 4.3). 
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4.3 LAYOUT STRATEGY 
One of the o b j e c t i v e s of CAFLAP'project i s to s h o r t e n the 
time of the traâitiohal l a y o u t approximation" p r o c e s s (as 
d e s c r i b e d , i n Chapter 2.)-, w h i l e m a i n t a i n i n g the p r i n c i p l e s 
of a., good f a c t o r y 'layout.'' T h i s cah only be done by 
pr e p a r i n g the détail l a y o u t f i r s t ; s k i p p i n g the two i n i t i a l 
.projéct stages: F e a s i b i l i ' t y Study and Investment P r o j e c t 
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4.3.1 CAPACITY CALCULATION 
I t i s assumed tha t the number and types of work s t a t i o n s 
needed w i l l be e x t r a c t e d from Route Sheets (or Job C a r d s ) , 
and the 1 t e c h n o l o g i c a l 1 p o s i t i o n s of work s t a t i o n s w i l l be 
e s t a b l i s h e d (as mentioned i n Chapter 3.). The number of 
machine t o o l s (M/C) can a l s o be c a l c u l a t e d v i a program 
'M100.FOR'. 
4.3.2 DETAIL LAYOUT 
Expérience has shown tha t the a c t u a l l a y o u t can be prepared 
e f f e c t i v e l y only when i t i s s t a r t e d i n the d i r e c t i o n of the 
Flow of M a t e r i a l , and i n the ' t e c h n o l o g i c a l ' order of a l i n e 
of work s t a t i o n s i n v o l v e d . 
In F i g . 7,, Layouts a) to g) are presented as t y p i c a l 
d e t a i l l a y o u t s of r e g u l a r l y arrangea work s t a t i o n s i n 
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Types a) and b) are c o n s i d e r e d i d e a l : 
- to s a t i s f y the c r i t e r i a of a good l a y o u t , 
and 
- to p r o v i d e maximum comfort f o r the operator (créate 
a s e t of environmental c o n f i g u r a t i o n s i n order 
to o p t i m i s e h i s performance - a l l ergonomie 
p r i n c i p l e s are m a i n t a i n e d ) . 
For the above reasons thèse two types have been s e l e c t e d to 
be used f o r automatic p o s i t i o n i n g i n CAFLAP system developed 
here. The main steps i n d e t a i l e d l a y o u t are shown i n a 
system c h a r t {Fig. 8.}. 
STEP 1. 
The l i s t of work s t a t i o n s i s determined and i n d i v i d u a l Work 
S t a t i o n Modules are drawn and f i l e d . The b a s i c width of the 
i n d u s t r i a l bay and the width of the Product Space Zone are 
determined i n t e l l i g e n t l y a c c o r d i n g to the width of an 
everage s i z e Work S t a t i o n Module and the width of U n i t Load 
{see Fig.9}. 
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STEP 1. B a s i c d a t a Industrial bay is drawn 
C Program 
'CIVES. FOR' 
List of werk station: 
i s determined 
(Programs \j) 
' M FEED. FDR ' and 
1WSVTOTO. FÜR ' ) 
Individual 
Work Station 
Modules are JTT\ 




and 'W SR EC ALL. FDR ' 
STEP 2 . 
Automatic positioning 
(Program 'POSCLASH5.FOR' ) 
First work station 
i s positioned manually 
(TOSCLASH5. FOR has i t s own 
manual positioning mode) 
Manual positioning 
(Programs 
1 I Y T W S F I L E . F O R 1 and 
, I Y T V A X O O . F D R • ) 
STEP 3. 
"ext work station 
position follows 
in 1 technological• 
ord er 
C o l l i s i o n course detector 
checks the position, and 
signals and i d e n t i f i e s 
clash. 
Individual work stations 
are called in arbitrary 
order and positioned 
manually in any place. 
(Entry fron-.Q ie not 
necessary) 
Layout developed i s shown 
on VDU. 
Session can be interrupted 
and again resuced or 
abandoned) 
The developed layout 
can be printed 
Final layout 
i s presented 
and can be printed 
C laGh_jl^ 
yes \ 
Situation i s present ed 
in d e t a i l 
Repositioning of the clashing 
and any following work 
station i s done i n 
the manual node. 
( E X I T ) 
1 
When the manual 
override i s ceased 
the automatic 
positicr.ins can be 
resuned. 
The developed layout 
can be observed i n 
any perspective 
(Program 'DISPLAY, FOR ' ) F i g . 8 . CAFLAP SYSTEM SIMPLIFIED SYSTEM CHART 
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' o b s t a c l e s ' (columns,walls,beams, 
maintenance eteelwork, etc.) 
F i g . 9. DESIGN OF AN INDUSTRIAL BAY (3 - D r e p r é s e n t a t i o n , v iewed f r o m àbove) 
% 'A' 
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The PRODUCT SPACE ZONE i s d e f i n e d as a 'hard S h o u l d e r 1 type 
área; a continuous s t r i p of Space running a l o n g s i d e a i s l e s , 
which i s designed: 
a) to serve f o r storage of m a t e r i a l , W.I.P. and products 
(Unit Loads, p a l l e t s e t c . [39,83]) next to work S t a t i o n , and 
b) as a 'boarder' f o r automatic p o s i t i o n i n g mode 
i n CAFLAP. 
The width i s determined by the width of U n i t Load. The 
Product Space Zone can accommodate a l l the d i f f e r e n t demands 
( i . e . , Two-bin, J u s t - i n - t i m e , and Base-Stock C o n t r o l ) on 
Product Space r e s u l t i n g from the above mentioned Systems. 
The only space l o s s i s l i m i t e d to the width of the 
Man-Space, a l l o w i n g a s a f e passage f o r the Operator. 
If the automatic p o s i t i o n i n g mode was c o n s i d e r e d i n 
i s o l a t i o n from the r e s t of the CAFLAP System, i t co u l d be 
c l a s s i f i e d a c c o r d i n g to Moore [30] as an improvement type 
procedure because i t S t a r t s with a predetermined i n d u s t r i a l 
bay. 
STEP 2. 
The f i r s t work S t a t i o n i s p o s i t i o n e d manually i n a requested 
p l a c e / s e c t i o n of the i n d u s t r i a l h a l l e i t h e r at a r i g h t angle 
to the a i s l e or o b l i q u e l y to i t {see F i g . 6 . a) and b)}. 
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STEP 3. - • • .• 
The r e s t o f - t h e ' l a y o u t development f o l l o w s a c c o r d i n g to* the 
.mode s e l e c t e d ( s e e ^ s e c t i o n 4.5.4). I f a c o l l i s i o n c o u r s e * i s 
i n d i c a t e d , .a f a c i l i t y f o r .manual p o s i t i o n i n g , (manual 
o v e r r i d e ) i s ' used i n order to r e p o s i t i o n one or more work 
s t a t i o n s as n e c e s s a r y 1 to avoid the c o l l i s i o n . I f i then 
requested, the automatic p o s i t i o n i n g mode can be resumed. 
. T h i s method can a l s o be used to f i n d the optimum-width of an 
i n d u s t r i a l bay {see Fig.10.}., i . e . i f the work s t a t i o n i s 
found to be c o l l i d i n g with the 'border' (Product,Space Zone, 
a i s l e , - w a l l s '.etc.) i t i s k r e p o s i t i o n e d i n t o an o b l i q u e 
p o s i t i o n . T h i s , i n t e l l i g e n t l y assessed", -could l e a d to . an 
even ^narrower bay d e s i g n , e s p e c i a l l y i f work s t a t i o n s 'are 
long and ' s l i m ' (e.g. a t u r r e t l a t h e ) . ' . . : " 
F i g . 1 0 . FINDING THE OPTIMUM WIDTH OF INDUSTRIAL BAY 
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The value of t h i s procédure f o r a 'green f i e l d ' l a y o u t 
d e s i g n i s obvious. 
A narrow i n d u s t r i a l bay i s much more c o s t e f f e c t i v e than a 
wide span i n d u s t r i a l bay, which i s not o n l y expensive to 
b u i l d ( i n i t i a l high c a p i t a l investment), but a l s o to 
main t a i n . The l a r g e r span bay r e q u i r e s a higher roof 
s t r u c t u r e which a l s o i n c r e a s e s the volume of a i r to be 
v e n t i l a t e d and heated: a f u r t h e r considération f o r c o s t s . 
The c o n s t r u c t i o n h e i g h t of the b u i l d i n g cannot be f u l l y 
u t i l i s e d t e c h n o l o g i c a l l y . I f crânes are used, i t i s again 
the l a r g e r span of the bay t h a t dictâtes higher c o s t of 
crânes and may i n f l u e n c e t h e i r performance. 
In a p r a c t i c a l l a y o u t , there are two types of work s t a t i o n 
formations : r e g u l a r and i r r e g u l a r (see F i g . 4 ) . CAFLAP 
System has been developed to accommodate both: f o r the 
i r r e g u l a r f o r mation case the manual p o s i t i o n i n g mode of 
CAFLAP may be used, while the automatic mode serves i n the 
case of r e g u l a r p o s i t i o n i n g . 
4.3.3. OVERALL LAYOUT OF INDUSTRIAL HALL 
CAFLAP can be used as a t o o l f o r d e s i g n of an i n d u s t r i a l 
h a l l of any shape. The f o l l o w i n g d e s c r i b e s a t y p i c a l case. 
A flow c h a r t i n F i g . 11. shows the methodical steps i n 
layo u t d e s i g n of an i n d u s t r i a l h a l l . For t y p i c a l p r o d u c t i o n 
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l i n e -flow p a t t e r n s see F i g . 13. 
A ' C o n t i n u o u s l o n g i t u d i n a l bay 1 i s d e s i g n e d , r e g a r d l e s s the shape and s i z e o f the e x i s t i n g or newly designed i n d u s t r i a l h a l l (prograra P 0 S C L A S H 5 , F O R ) . T o t a l l e n g t h o f the bay ! L ! i s o b t a i n e d . 
I f the h a l l l e n g t h ' H l ' C e . g . depending on the s i z e o f the p l o t a v a i l a b l e ) i s n - t i m e s s h o r t e r than ' L • , then ' L 1 i s eut i n ' n 1 bay s e c t i o n s . 
The shape o f t h e f low p a t t e r n i s chosen U-shape, S-shape, p a r a l l e l ) » 
© The bay s e c t i o n s are f i t t e d i n t o the h a l l , f o l l o w i n g the chosen f low p a t t e r n , 
1 ^ The bay s e c t i o n s are checked a g a i n s t the c o r r e s p o n d i n g c i v i l e n g i n e e r i n g s p a c e . The l a y o u t i s r e v i s e d and a d j u s t e d i f n e c e s s a r y . (POSCLASH5.FOR) 
Improved l a y o u t i s p r i n t e d . 
(Z) A l t e r n a t i v e d e s i g n s o f the i n d u s t r i a l h a l l (changing the f low p a t t e r n s and d e t a i l e d l a y o u t ) f o l l o w . 
A l t e r n a t i v e d e s i g n s are e v a l u a t e d u s i n g the r a t i o o f s p a c e s , and minimum space needed i s sought . 
F i g . 11. MAIN STEPS IN THE DESIGN OF INDUSTRIAL HALL-OVERALL LAYOUT 
j * 
7" ~ ™ W 
"*v.. 
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A détail l a y o u t of 1 t e c h n o l o g i c a l l y 1 s e l f - c o n t a i n e d s e c t i o n s 
( i . e . an interdependent l i n e or group of work s t a t i o n s ) , i s 
continued i n a s t r a i g h t 'continuous' l i n e . T h i s a l s o 
s a t i s f i e s Muther 1 s [4] l a y o u t fundamentals {see F i g . 12}. 
A 1 c o n t i n u o u s l o n g i t u d i n a l bay' i s thus designed 
{corresponding to F i g . 13. a)}. 
The p r i n c i p l e of a ! c o n t i n u o u s i n d u s t r i a l bay' i s an a i d f o r 
la y o u t p l a n n i n g using automatic p o s i t i o n i n g mode (see 
s e c t i o n 4.5.4). I t pr o v i d e s f o r f l u e n t p o s i t i o n i n g of work 
s t a t i o n s i n the bay. 
The continuous bay i s designed i n i t s t o t a l l e n g t h 
r e g a r d l e s s the l e n g t h of the i n d u s t r i a l h a l l . The h a l l 
u s u a l l y accommodâtes more than one bay {see F i g . 13.d)}. 
The work s t a t i o n s may be p o s i t i o n e d on both s i d e s of the 
a i s l e . 
When the le n g t h of the i n d u s t r i a l h a l l ' H l 1 i s s h o r t e r then 
the l e n g t h of the continuous i n d u s t r i a l bay 'L 1 and a 
U-shape or S-shape Flow P a t t e r n i s used {see Fig.13. b)}, 
the t o t a l l e n g t h of l o n g i t u d i n a l bay has to be eut (while 
1 t e c h n o l o g i c a l l y 1 s e l f - c o n t a i n e d s e c t i o n s are ma i n t a i n e d ) , 
i n t o l e n g t h s which can be accommodated i n the i n d u s t r i a l 
h a l l . 
When a P a r a l l e l L i n e s Flow P a t t e r n {see Fig.13. c)} i s 
used, i n d i v i d u a l l e n g t h s have to be eut a c c o r d i n g l y . 
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RELATIONSHIP ^iegree o f c l o s e n e s s d e s i r e d among M/Cs 0P01-»-0P02 —OP03 —OPOU o p é r a t i o n s 
SPACE c o n f i g u r a t i o n 
s 
5 * 1 
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7% 
i d e a l p o s i t i o n o f work s t a t i o n s 
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F i g . 13. FLOW PATTERN FOR PRODUCTION LINES 
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4.4 LAYOUT USING INTERACTIVE COMPUTER GRAPHICS 
In the p r e p a r a t o r y stage of t h i s p r o j e c t i t was e s s e n t i a l to 
s e l e c t an e x i s t i n g commercial software System s u i t a b l e f o r 
the purposes of CAFLAP methodology. The sélection was 
i n f l u e n c e d by CAFLAP demands f o r a computer graphies System 
and a l s o by s e v e r a l other f a c t o r s , which are summarised as 
f o l l o w s : 
The System should have a f a c i l l i t y f o r a simple d e s i g n o f 
a l l o b j e c t s / s p a c e s i n 3-D. T h i s r e f e r s e s p e c i a l l y to the 
design of Work S t a t i o n Modules and to the C i v i l E n g i n e e r i n g 
Space with a i l i t s éléments. 
The System should have a f a c i l i t y f o r marking the designed 
o b j e c t s with i d e n t i f i c a t i o n or tag numbers. 
The system should have a s u i t a b l e p o t e n t i a l f o r the 
development of f a c i l i t i e s f o r manual and automatic 
p o s i t i o n i n g of 3-D o b j e c t s and c o l l i s i o n course f i n d i n g . 
K i n e t i c f u n c t i o n a b i l i t y i s e s s e n t i a l f o r the p o s i t i o n i n g of 
Work S t a t i o n Modules i n the C i v i l E n g i n e e r i n g Space and f o r 
C o l l i s i o n Course F i n d i n g . I t i s a l s o important f o r the 
o b s e r v a t i o n of the developed scène. 
The obvious c h o i c e a v a i l a b l e was a CAD d r a f t i n g system, f o r 
example MEDUSA ( i n p o s s e s s i o n of Middlesex P o l y t e c h n i c ) . 
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The system was t e s t e d and p a r t of the P r o j e c t was 
i n v e s t i g a t e d with the p a r t i c i p a t i o n of some e n g i n e e r i n g 
undergraduates. 
In s p i t e of the f a c t that MEDUSA o f f e r s an e x e l l e n t d r a f t i n g 
f a c i l i t y , i t was r e a l i s e d t h a t m o d i f i c a t i o n of the System 
f o r the purposes of CAFLAP would be f a r too complicated ( i f 
not i m p o s s i b l e ) . T h e r e f o r e the development using t h i s 
system had to be dropped. 
Another system i n opération at Middlesex P o l y t e c h n i c i s 
PICASO (PIcture Computer A l g o r i t h m Subroutine O r i e n t a t e d ) 
developed by Dr.John V i n c e [93, 94], 
I t i s a FORTRAN-based computer g r a p h i e s System, designed to 
ease the i n t e r f a c e between programmer^and g r a p h i c a l problem 
areas. PICASO s u b r o u t i n e s may be i n c o r p o r a t e d i n t o any 
FORTRAN or PASCAL based programs. I t o f f e r s a comprehensive 
l i b r a r y of 2-D shapes and 3-D o b j e c t s which may be 
manipulated through a wealth of manipulating a l g o r i t h m s . 
The system's conceptual space a l l o w s the user, through the 
'o b s e r v e r 1 , p r o j e c t i o n mode and p r o j e c t i o n space (using 
System commands), to observe and manipulate any designed 
scène. For shapes and o b j e c t a n a l y s i s the system i s 
equipped with some t h i r t y s i x a n a l y s i s commands. For shapes 
and o b j e c t s présentation there are over t h i r t y drawing 
commands. Drawings generated by PICASO are normally drawn 
on high r e s o l u t i o n VDU and cou l d a l s o be p l o t t e d upon any 
s u i t a b l e p l o t t e r . Since PICASO was ap p a r e n t l y developed f o r 
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v i s u a l a r t s , i t has a v a r i e t y of b u i l t - i n f e a t u r e s to s u i t 
that purpose. Because of i t s v e r s a t i l i t y , i t o f f e r s 
considérable p o t e n t i a l f o r créative use even to e n g i n e e r s . 
I t a l s o has a c a p a c i t y f o r m o d i f i c a t i o n and f o r f u r t h e r 
development. These are the reasons why PICASO was adopted 
for use i n CAFLAP work. 
The hardware used was o r i g i n a l l y Prime 550 computer which 
was r e p l a c e d by VAX/VMS VERSION V4.5 computer system. 
Terminais used were A p p l i e d D i g i t a l Data System, Model 
ADDS-Regent 25; I n s i g h t Terminals L t d . , Model vdt-1; and 
p r i n t e r EPSON FX-80. 
4.5 PROGRAMS AND THEIR SOLUTIONS 
The CAFLAP programs developed here were compiled i n FORTRAN 
77. The major reason f o r using FORTRAN was because the 
research p r o j e c t e x p l o i t e d the PICASO computer g r a p h i e s 
l i b r a r y , which was implemented i n FORTRAN 77. Although 
PICASO can be t r e a t e d as a l i b r a r y of s u b r o u t i n e s and 
f u n c t i o n s , and t h e r e f o r e i s a c c e s s i b l e to other languages 
such as: PASCAL and C, i t was decided to implement a i l 
programs i n FORTRAN as the CAFLAP system needed to modify 
some of the o r i g i n a l code of PICASO. M a i n t a i n i n g t h i s 
language c o n s i s t e n c y o n l y i n v o l v e d the W r i t e r i n l e a r n i n g 
one language. Furthermore, Middlesex P o l y t e c h n i c - where 
the r e s e a r c h was undertaken - had used FORTRAN as i t s 
primary s c i e n t i f i c / m a t h e m a t i c a l language and was able to 
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provide a r e l i a b l e software support s e r v i c e . 
Although FORTRAN has played a very i n p o r t a n t p a r t i n the 
development of s c i e n t i f i c / m a t h e m a t i c a l software, and i s 
s t i l l used to implement o r i g i n a l code f o r some companies, 
the language i n favour at the moment i s C. I t o f f e r s a more 
r i g o r o u s programming environment with s t r e n g t h s i n : data 
s t r u c t u r e s , s t r u c t u r e d programming, i n t e r a c t i o n with UNIX 
and reduced program development times. 
CAFLAP could be implemented i n C, and a l s o i n other 
languages such as PASCAL, or BASIC, but would r e q u i r e 
m o d i f i c a t i o n to e x p l o i t the b e n e f i t s o f f e r e d by PICASO. I f 
CAFLAP was to be made independent of PICASO, i t would 
r e q u i r e s u b s t a n t i a l support i n the area of computer 
g r a p h i e s . 
Developing any program réquiring computer g r a p h i e s 
f a c i l i t i e s présents problem to the programmer, mainly 
because of the v a r i e t y of graphie spécification a v a i l a b l e 
fo r w o r k s t a t i o n s . To h e l p overcorne thèse implementation 
problems some computer graphies standards have now been 
developed, e.g. GKS, GKS-3D and PHIGS. None of thèse 
Systems were a v a i l a b l e to the W r i t e r d u r i n g h i s work; nor 
was i t p o s s i b l e to have access to s o p h i s t i c a t e d c o l o u r 
g r a h p i c s w o r k s t a t i o n s t h a t would have had an impact upon 
CAFLAP's i n t e r f a c e . 
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CAFLAP was developed as a v e h i c l e to e x p l o r e the W r i t e r ' s 
ideas i n d e v e l o p i n g s t r a t e g i e s f o r autoroatic f a c t o r y l a y o u t , 
and i n t h i s r e s p e c t i t was s u c c e s s f u l . To be c o n s i d e r e d now 
as the b a s i s f o r a commercial system, i t has i n f u t u r e to be 
r e w r i t t e n s p e c i f i c a l l y to meet the demands of any p a r t i c u l a r 
commercial environment. 
The development of l a y o u t s , u s i n g computer g r a p h i e s , 
g e n e r a l l y f o l l o w e d the Steps o u t l i n e d i n the Layout S t r a t e g y 
(Chapter 4.3). 
In order to maintain an e f f i c i e n t programming technique [96] 
the main programs have been kept s h o r t ( i . e . not more than 
100 u n e s ) , and the s u b r o u t i n e s have been mostly b u i l t - i n , 
i n a t r e e - l i k e h i e r a r c h y , The imput data are manipulated 
v i a COMMON areas, s u b r o u t i n e arguments, e x t e r n a l f i l e s and 
an i n t e r a c t i v e t e r m i n a l , f o r the convenience of the user, i n 
some cases i n c o n j u n c t i o n with a p r i n t e r . Each program i s 
i n t e r n a l l y documented by comments i n n a t u r a l language, f o r 
the b e n e f i t of the user or another programmer. The comments 
are d i v i d e d i n t o two categor i e s : Macro I n t r o d u c t o r y 
Comments and Micro Continuous Comments. 
The Macro I n t r o d u c t o r y Comments d e s c r i b e the gênerai 
q u a l i t i e s of the program: 
- name of the program; 
- the purpose f o r which the program was b u i l t ; 
- i f the program i s long and complicated, there i s a 
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s h o r t d e s c r i p t i o n of p r e v i o u s l y w r i t t e n sub-programs of 
which i t c o n s i s t s or with which i t co-operates; 
- s i z e of the program, i . e . f o r which number of work 
s t a t i o n s i t i s designed; 
- program output. 
The Micro Continuous Comments are those r e l a t i n g to the main 
opérations, and thèse h e l p to c l a r i f y and expand the 
s i g n i f i c a n c e of the FORTRAN w r i t t e n code. 
The l a y o u t s of programs produced here have p u r p o s e l y been 
kept simple f o r easy read i n g and understanding. Great care 
has a l s o been given to Statement Numbering so as to keep 
them i n an ascending numerical order séquence, which i s easy 
to f o l l o w . The résultant l a y o u t , and e s p e c i a l l y the 
i n c l u d e d comments, thus make the programs l a r g e l y 
s e l f - e x p l a n a t o r y . 
The programs were developed as an intégral and major p a r t of 
t h i s work but, because of t h e i r l a r g e p h y s i c a l volume, i t 
was not considered a p p r o p r i a t e to i n c l u d e them here. They 
are i n s t e a d d e s c r i b e d i n the f o l l o w i n g s e c t i o n s and 
i n c l u d e d , i n t h e i r e n t i r e t y , as Appendix I I . 
4.5.1 WORK STATION MODULE BUILDER 
Work S t a t i o n Modules are b u i l t by the program 
1WSBUILDER.FOR1. A 3-D template i s b u i l t - u p from a 
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hand-drawn sketch of the Work S t a t i o n Module. The sketc h 
i n c l u d e s Maintenance Space, O p e r a t i o n a l Space, Man Space, 
and work s t a t i o n ( i . e . the machine t o o l i t s e l f i n c l u d i n g 
a c c e s s o r i e s ) , m a i n t a i n i n g recommendations from manufacturers 
and a i l ergonomie p r i n c i p l e s . The Steps i n Work S t a t i o n 
Modules d e s i g n v i a the i n t e r a c t i v e program are f o l l o w i n g : 
- requested o b j e c t s (boxes, c y l i n d r i c a l p a r t s , anchoring 
b o l t s , o p e r a t o r ( s ) , Tag Number etc.) are s e l e c t e d 
a c c o r d i n g to a p r e - p r i n t e d code; 
- i n s t r u c t i o n s are given i n the program re g a r d i n g s i z e 
and p o s i t i o n requirements; 
- the engineer feeds i n requested dimensions and 
p o s i t i o n s of the o b j e c t s , s t a r t i n g from the o r i g i n 
(x=0,y=0,z=0); 
- t h i s process c o n t i n u e s , o b j e c t a f t e r o b j e c t , u n t i l a 
complète Work S t a t i o n Module i s b u i l t ; 
- the work s t a t i o n i s then f i l e d under a unique Tag No. 
fo r f u t u r e r e f e r e n c e / r e c a l l , and the procédure i s 
ended. 
'Drawing' of the next work s t a t i o n can f o l l o w . 
Any Work S t a t i o n Module p i c t u r e may be r e c a l l e d by program 
'WSRECALL.FOR 1. 
NOTE: 
Information f o r the hand-made Sketches of Work S t a t i o n 
Modules i s u s u a l l y taken from the machine t o o l 
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manufacturer 1 s drawings, f o u n d a t i o n p l a n s and manuals 
( i n c l u d i n g i n s t a l l a t i o n and maintenance recommendations and 
i n s t r u c t i o n s ) . 
Some w e l l e s t a b l i s h e d manufacturers of machine t o o l s 
h e l p f u l l y supply, with t h e i r i n s t a l l a t i o n manuals, 
p r e - p r i n t e d s i m p l i f i e d 2-D templates of t h e i r machine, on 
the b a s i s of which the sket c h of the Work S t a t i o n Module 
could be prepared. The o r i g i n a l i n t e n t i o n was to i d e n t i f y 
Man-Space, Maintenance Space and O p e r a t i o n a l Space i n the 
drawing by h a t c h i n g . But t h i s was found impossible i n a 3-D 
représentation because h a t c h i n g would obscure the p i c t u r e . 
T herefore the Spaces are drawn i n s i d e the 1 l a r g e s t volume 1 
of Work S t a t i o n Module {Fig. 5.}, without any f u r t h e r 
i d e n t i f i c a t i o n (hatching or t i n t i n g ) . 
4.5.2 BUILDING (CIVIL ENG. SPACE) DESIGN PROGRAM 
For the purpose of d e s i g n i n g an I n d u s t r i a l Bay i n t e r i o r , 
Program 1CIVES3.FOR 1 has been compiled. A f u l l y - d e t a i l e d 
3-D image of an i n d u s t r i a l bay may be b u i l t from PICASO 
o b j e c t s ( p r e s e n t l y o n l y Boxes are used). 
The method i s f o l l o w i n g : 
I n d i v i d u a l c i v i l e n g i n e e r i n g éléments and 'borders' 
( i . e . Product Space Zones, a i s l e s , e t c . ) , are i n p u t . 
The 3-D image i s shown on a VDU and i n d i v i d u a l éléments 
can be changed, r e p l a c e d , or added u n t i l the s i m u l a t i o n 
of the bay i n t e r i o r i s completed. 
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NOTE : 
In case the l a y o u t i s being planned i n an e x i s t i n g b u i l d i n g , 
the C i v i l E n g i n e e r i n g Space w i l l be b u i l t e x a c t l y a c c o r d i n g 
to the c i v i l e n g i n e e r i n g drawings a v a i l a b l e . 
The w c i t e r ' s expérience i s t h a t even w e l l e s t a b l i s h e d o l d 
f a c t o r i e s o f t e n possess u n r e l i a b l e c i v i l engineer ing 
i n f o r m a t i o n , so t h a t , an i n d u s t r i a l h a l l survey may have to 
be taken and new r e l i a b l e drawings produced. 
4.5.3 MANUAL POSITIONING PROGRAMS 
For the manual p o s i t i o n i n g of Work S t a t i o n Modules ( l a r g e s t 
volumes only) i n the bay, or f o r the p o s i t i o n i n g of 
departments, bays i n the h a l l and h a l l s i n a p l o t , a program 
'IYTVAXOO.FOR', using a j o y s t i c k , has been compiled. 
Examples of drawings prepared by t h i s program are shown i n 
Appendix. I I I , Drwgs Nos. 02. and 03. 
Any o b j e c t s , represented here by boxes, can be entered i n t o 
a l i s t and marked i n d i v i d u a l l y by Tag Nos. or any other 
i d e n t i f i c a t i o n (e.g. name of a department). They are then 
p o s i t i o n e d a g a i n s t the background of a g r i d r e p r e s e n t i n g the 
requested a r e a . 
For manual p o s i t i o n i n g of work s t a t i o n s o n l y , program 
'IYTWSFILE.FOR 1 has been compiled. T h i s program has a 
f a c i l i t y to r e t r i e v e d e t a i l e d Work S t a t i o n Modules and 
i n c o r p o r a t e them i n t o a r e q u i r e d l a y o u t i n a s i m i l a r way as 
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i n the program 1IYTVAXOO.FOR'. 
4.5.4 AUTOMATIC POSITIONING PROGRAM 
WITH COLLISION COURSE FINDING PROVISION 
For automatic p o s i t i o n i n g of Work S t a t i o n Modules i n s i d e the 
i n d u s t r i a l bay, program 'POSCLASHS.FOR' has been compiled. 
The func'tions, s a t i s f y i n g the l a y o u t s t r a t e g y of s e c t i o n 
4.3.2, shown on a VDU or p r i n t e r , are as f o l l o w s : 
- l i s t of work s t a t i o n s a v a i l a b l e with f a c i l i t y f o r any 
r e q u i r e d changes { F i g. 14.}; 
- présent s i t u a t i o n of development { F i g. 15.}; 
- new development of the l a y o u t i n manual and automatic 
mode, and i n any combination of modes {Fig. 16. and 
17.}; 
- f a c i l i t y f o r c o l l i s i o n course f i n d i n g of Work S t a t i o n 
Modules with b u i l d i n g éléments, 'borders* and other 
'obstacles 1 ; 
- automatic stop at any work s t a t i o n c o l l i d i n g , with 
i d e n t i f i c a t i o n of work s t a t i o n Tag.No.; 
- f a c i l i t y to show {Fig.18.} the s i t u a t i o n at a c l a s h ; 
- manual o v e r r i d e a l l o w i n g to f i n d i n t e l l i g e n t l y the best 
new p o s i t i o n f o r the c o l l i d i n g work s t a t i o n i n the bay; 
- c o n t i n u a t i o n of the development of l a y o u t i n manual or 
automatic mode {Fig. 19. and 20.}, with a f a c i l i t y to 
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stop or to continue the development of new a l t e r n a t i v e s 
of the l a y o u t . 
The system i s c o n t r o l l e d ( p o s i t i o n i n g , r e p o s i t i o n i n g 
etc.) by unique i d e n t i f i c a t i o n numbers or Tag Numbers. 
NOTE: 
The r o t a t i o n a x i s f o r Work S t a t i o n Modules m a n i p u l a t i o n 
i s the Y- a x i s running through the f a r corner of the 
module on the l e f t of the o p e r a t o r , as shown i n F i g . 5 . 
The Tag Number i s a p a r t of the Work S t a t i o n Module and 
has to be t r e a t e d as such. 
The d i s p l a y area on a 12 inch VDU, which could be used 
f o r l a y o u t development, measures 18x33 meters i n s c a l e , 
with 77 maximum Work S t a t i o n Modules. 
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F i g . i i i . 
F Ü G O Í H x i s t i n a Work S t a t i o n M o d u l e v o l u m e s I 
J. 3 0 0 . 0 0 2 0 0 . 0 0 2 7 0 . 0 0 WS0OI | 
2 280.. 0 0 2 0 0 . 0 0 2 2 0 . 0 0 WS002 ! 
3 250* 00 150.00 i 5 0 . 0 0 WS003 
4 3 5 0 . 0 0 1 9 0 . 0 0 2 1 0 . 0 0 WS004 ' 
Do v o u w i s h t o e x t e n d / u p d a t e t h e e x i s t i n g - f i l e . . . Y E o r NO ' 
I 
F i g . 15. 
L A Y O U T . . . T h e e x i s t i r í a s i t u a t i o n o-f d e v e l o n m e n t ¡ i i 






















F i g . 16. 
V O M a r e now i n P O S I T I O N I N G MODE 
A r e y o u s t a r t i n g a NEW l a y o u t , f r o m t h e f i r s t W. S t . i n t e c h n o l o g a c a l oró^r'> 
. . YES o r NO . . . . . 
Bo v o n w i s h t o R O B I T i o n the? c o n s i d e r e d W o r k s t a t i o n m a n u a l l y . . . YE o r NO 
P l e g a s e P O S I T i on t h e W . S . b v c r o s s — h a i r s . - -
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F i g . 17. 
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Page 124 P i f f . 20. a ) 
Do v o u w i î i h t o c o n t i n u e d e v e l o D i n q t h e I a y o u f c . „ . 
n a u t o m a t i c mode . . . YE o r NO 
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4.5.5 DISPLAY PROGRAM 
Program 1 DISPLAY.FOR 1 has been compiled f o r d i s p l a y i n g the 
l a y o u t and m a n i p u l a t i o n of the. whole scene. I t a l s o a l l o w s 
the user to study developed a l t e r n a t i v e s , and p r o v i d e s a 
b e t t e r 3-D présentation on VDü and/or p r i n t i n g . 
The user feeds • i n a requested d i s t a n c e , r o t a t i o n , and 
élévation, and the l a y o u t i s shown on VDU {see Fig.21.}. 





F i g . 21 . RESÜLT OF »DISPLAYO» PROGRAM 
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4.5.6 AUXILIARY PROGRAMS 
To simulate r e a l s i t u a t i o n s i n F a c t o r y Layout Pla n n i n g some 
A u x i l i a r y Programs have been compiled: 
4.5.6.1 MANUAL FEEDING OF WORK STATIONS 
F r e q u e n t l y , i n p r a c t i c e , the p l a n t l a y o u t engineer has a 
l i s t of work s t a t i o n s a v a i l a b l e f o r the manufacturing 
programme. From the l i s t , s u i t a b l e machine t o o l s and 
equipment must be s e l e c t e d and a ' t e c h n o l o g i c a l 1 order o f 
t h e i r r e l a t i v e p o s i t i o n s i n the l a y o u t has to be 
e s t a b l i s h e d . I n t e r r e l a t i o n s of thèse opérations i s 
i l l u s t r a t e d by Fig.22. Programs f o r ' t e c h n o l o g i c a l 1 
p o s i t i o n i n g developed at S t r a t h c l y d e U n i v e r s i t y ( D r . C a r r i e 
[13,14]), were o r i g i n a l l y intended to be used here. 
However, because of some t e c h n i c a l d i f f i c u l t i e s e x perienced 
i n the t r a n s f e r of the S t r a t h c l y d e programs, the program 
'MFEED.FOR1 was compiled i n s t e a d . The program i s 
s u b s t i t u t i n g the r e s u l t s of D r . C a r r i e ' s programs and feeds 
i n a ready designed ' t e c h n o l o g i c a l ' l i n e of work s t a t i o n s 
needed f o r the job. The program allows the user to change 
the 1 t e c h n o l o g i c a l ' o r d e r , with changing requirements. 
To accompany 'MFEED.FOR', program 'WSVTOTO.FOR' was w r i t t e n , 
which allows the r e o r g a n i s a t i o n of Work S t a t i o n Modules ( i n 
' l a r g e s t volume' présentation, see F i g . 5.), ac c o r d i n g to 
' t e c h n o l o g i c a l ' o r d e r . T h i s s t e p was found necessary 
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because the ' l a r g e s t volumes 1 of Work S t a t i o n Modules are 
only used i n some p a r t s of programs, while i n other p a r t s 
the d e t a i l e d Work S t a t i o n Modules are used. The ' l a r g e s t 
volumes* g i v e a c l e a r e r présentation and understanding o f 
la y o u t development (see F i g . 20.b)}, while l a y o u t s using 
d e t a i l e d Work S t a t i o n Modules may be used f o r d e t a i l e d study 
or f i n a l placement of machines (anchoring b o l t s f e t c . ) on 
Shop f l o o r . 
Décision making regarding 












D E T A I L L A Y O U T 
(Manual and Automatic poait. 
O V E R A L L - L A Y O U T 
F i g . 22. T O T A L CAFLAP SYSTEM 
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4.5.6.2 CAPACITY CALCULATIONS 
The l a y o u t engineer must of course be i n p o s s e s s i o n of some 
b a s i c f i g u r e s about the new l a y o u t (see Chapter 2. P r o j e c t 
stages 1. and 2.). The c a p a c i t y c a l c u l a t i o n program 
'M100.FOR' i s intended f o r b a s i c c a p a c i t y c a l c u l a t i o n s f o r 
the case where no d e t a i l e d i n f o r m a t i o n about p r o d u c t i o n i s 
a v a i l a b l e . 
The program p r o v i d e s c a l c u l a t i o n o f : 
- Volume of M a t e r i a l Handling; 
- Number of work s t a t i o n s needed; 
- Manufacturing area needed; 
- T o t a l l e n g t h of i n d u s t r i a l bay. 
T h i s program i s an example of others which may be developed 
i n the f u t u r e to estimate and p l a n , e.g. manning l e v e l s , 
p r o d u c t i o n c a p a c i t y i n r e l a t i o n to s h i f t c o e f i c i e n t , gênerai 
e f f e c t i v n e s of l a y o u t , e t c . . 
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5. THE TESTING OF PROGRAMS 
A i l programs were running and were t e s t e d f o r r e q u i r e d 
f u n c t i o n s . 
5.1 'WSBUILDR.FOR' Program 
To produce a 3-D template of an average Work S t a t i o n Module 
takes 10-15 minutes. The template g i v e s a reasonable image 
of the work s t a t i o n and, even i f p o s i t i o n e d on a one meter 
g r i d , i t was found t h a t i t could be used f o r the placement 
of machines w i t h i n the us u a l shop f l o o r tolérances of 10 cm. 
The 'WSRECALL.FOR1 program r e t r i e v e s the f i l e d 3-D template. 
5.2 BUILDING ,CIVES3.FOR l Design Program 
To place any c i v i l e n g i n e e r i n g élément v i a t h i s program 
takes about 30 to 60 seconds, and any change c o u l d be 
introduced e q u a l l y f a s t . The 3-D model of the i n t e r i o r of 
the bay produced g i v e s a good image of the space a v a i l a b l e 
f o r the l a y o u t . The c a p a c i t y of maximum 200 b u i l d i n g 
éléments i s more than s u f f i c i e n t . 
5.3 MANUAL POSITIONING PROGRAMS 
Thèse programs were most thoroughly t e s t e d and no spécial 
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problems were encountered by u s e r s . The p o s i t i o n i n g of 
o b j e c t s was found to be very f a s t and easy procedure. The 
only disadvantage i s the i n a c c u r a c y t h a t a r i s e i n c o n n e c t i o n 
with the use of j o y s t i c k . Due to t h a t , i n c o m p a t i b l e 
p i c t u r e s on VDU and p r i n t o u t s are produced, i f an adjacent 
p o s i t i o n of work s t a t i o n s i s intended. The p r i n t o u t from 
the CALCOMP 960 p l o t t e r shows a double l i n e where work 
s t a t i o n s touch, while the o p t i c a l reading of c r o s s h a i r / w o r k 
s t a t i o n on VDU g i v e s a s i n g l e image. T h i s i s e v i d e n t l y 
caused by a combination of both hardware d e f i c i e n c y and the 
human f a c t o r e r r o r . 
5.4 AUTOMATIC POSITIONING PROGRAM 
The composite program 1POSCLASH5.FOR' was found to be easy 
to use and produced very f a s t automatic p o s i t i o n i n g of Work 
S t a t i o n Modules acc o r d i n g to the d e s i g n s p e c i f i c a t i o n . 
When ever a c l a s h with b u i l d i n g elements o c c u r s , the 
c o l l i s i o n course f i n d i n g i s immediate and the manual 
o v e r r i d e can s t a r t without any d e l a y . 
S i m i l a r problems to those mentioned i n the l a s t s e c t i o n have 
been found with the j o y s t i c k p o s i t i o n accuracy. 
IDENTIFICATION BY TAG NOS: 
The Tag Number of the ' l a r g e s t volume* of work s t a t i o n i s 
p l a c e d h o r i z o n t a l l y at the base p l a t e l e v e l ; while the tag 
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number of the d e t a i l e d Work S t a t i o n Module i s w r i t t e n 
v e r t i c a l l y i n an u p r i g h t p o s i t i o n . T h i s design i s a r e s u l t 
of the f i n d i n g s d u r i n g the t e s t i n g of 'DISPLAY.FOR' 
Programs, and makes the reading of Tag No. e a s i e r i n any 
d i s p l a y p o s i t i o n . 
5.5 DISPLAY PROGRAM 
'DISPLAY.FOR' program ran without any problems, and the 
device f o r o b s e r v a t i o n of the scene from any angle and 
d i s t a n c e proved u s e f u l . 
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6. DISCUSSION OF RESULTS 
The use of PICASO f o r 3-D d e s i g n and s i m u l a t i o n has proved 
to be very u s e f u l . PICASO i s a unique 2-D and 3-D computer 
graphies system developed at Middlesex P o l y t e c h n i c to 
s y m p l i f y the human i n t e r f a c e when manipulating shapes and 
o b j e c t s . As with any software environment there are 
l i m i t a t i o n s imposed upon the user when using the a v a i l a b l e 
commands. CAFLAP 1 s i n t e r f a c e would have been g r e a t l y 
improved i f the user had had c o n t r o l over l i n e types when 
o b j e c t s were s u b j e c t to h i d d e n - l i n e removal. Objects would 
have looked t i d i e r i f t h e i r s u r f a c e s could have been shaded 
or even t r a n s p a r e n t ; there was a need to move éléments 
around the screen i n r e a l - t i m e . These problems are not 
i d e n t i f i e d as s p e c i f i c c r i t i c i s m s of PICASO but r a t h e r t o 
i d e n t i f y the type of g r a p h i e s f a c i l i t i e s CAFLAP c o u l d 
b e n e f i t from i n f u t u r e with access to a s o p h i s t i c a t e d 
r e a l - t i m e f u l l - c o l o u r g r a p h i e s Workstation. 
I t i s f e l t t h a t the drawing of work s t a t i o n s or b u i l d i n g s by 
use of a j o y s t i c k should be attempted i n f u t u r e development 
of CAFLAP, d e s p i t e the knowledge of p o s s i b l e i n a c c u r a c i e s 
inhérent i n the j o y s t i c k - V D U - p r i n t e r combination. 
Expérience has shown th a t accuracy, using a s c a l e of 1:50 
and a l a y o u t g r i d of 250x250 mm, i s s a t i s f a c t o r y f o r the 
needs of any type of l a y o u t f o r any type of mechanical 
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e n g i n e e r i n g p r o d u c t i o n ; so i n a c c u r a c i e s r e s u l t i n g from use 
of j o y s t i c k are w i t h i n usual p l a n t l a y o u t design tolérance 
(10cm) . 
The i n t e r a c t i v e program 1IYTVAX00.FOR 1 f o r manual 
p o s i t i o n i n g has a i l p o s i t i v e f u n c t i o n s s p e c i f i e d , and i t i s 
b e l i e v e d t h a t i t c o u l d be used f o r any p l a n t l a y o u t almost 
u n i v e r s a l l y . Small a d a p t a t i o n s , f o r example the l i s t i n g of 
Work S t a t i o n s o r , v i c e v e r s a , p r i n t i n g Work S t a t i o n l i s t s 
not o n l y i n c h r o n o l o g i c a l but a l s o i n the ' t e c h n o l o g i c a l 1 
order, c o u l d e a s i l y be made on reque s t . The same i s t r u e 
f o r the 'IYTWSFILE.FOR'program. 
Athough the 1POSCLASH5.FOR 1 Program i s the most developed 
program of a i l , i t has scope f o r f u r t h e r development as a 
more v e r s a t i l e t o o l . For example, c o l l i s i o n course f i n d i n g 
c o u l d be extended (on the p r i n c i p l e s a l r e a d y developed) f o r 
c l a s h e s of work s t a t i o n foundations with underground p i p i n g 
or power ducts network, e t c . . S i m i l a r l y , p r i n c i p l e s f o r 
p o s i t i o n i n g a c c o r d i n g to F i g . 7 . a) and b ) , could be a p p l i e d 
to l a y o u t s such as F i g . 7 . c) e t c . . T h i s c o u l d spare 
présent users p o s s i b l e e r r o r s with a négative read i n g of 
j o y s t i c k . However, s e l f g u a r d i n g mechanism, p r o t e c t i n g user 
a g a i n s t the e r r o r d u r i n g m a n i p u l a t i o n (négative a n g l e s ) , 
would be u s e f u l to add. 
During the automatic p o s i t i o n i n g , with the hardware used 
here and System of i d e n t i f i c a t i o n of spaces ( no h a t c h i n g . 
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no t i n t i n g ) , the Maintenance Space cannot be placed i n the 
Man-Space of the p r e v i o u s work s t a t i o n to i n c r e a s e the shop 
f l o o r u t i l i s a t i o n . T h i s has to be considered as a 
c a l c u l a t e d l o s s at t h i s stage of development. 
BENEFITS OF CAFLAP TO THE PLANT LAYOUT ENGINEER. 
CAFLAP programs t e s t i n g showed there are two main areas of 
b e n e f i t s f o r the user : 
F i r s t l y , i t makes p l a n t l a y o u t work e a s i e r , and the task i s 
accomplished f a s t e r . 
Secondly, CAFLAP f u n c t i o n s as a methodological t o o l , g u i d i n g 
the user to perform the p l a n t l a y o u t tasks s y s t e m a t i c a l l y 
and with a h o l i s t i c approach. T h i s improves the q u a l i t y of 
the work and and expands user's p o t e n t i a l , l e a d i n g towards a 
deeper understanding of the nature of p l a n t l a y o u t problems. 
CAFLAP s t i m u l a t e s the user's c r e a t i v i t y , g i v i n g an 
op p o r t u n i t y a c t u a l l y to o v e r r i d e the computer when 
necessary. The user i s thus the master of the computer, not 
j u s t i t s f o l l o w e r . T h i s i s i l l u s t r a t e d i n Fig.23, which 
shows how CAFLAP b e n e f i t s the p l a n t l a y o u t engineer. 
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Autor.atic positioning mode 
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use of the space, while 
upholding ergononic and 
maintenance principles 
F i g . 23. THE MAIN BENEFITS OF CAFLAP TO THE PLANT LAYOUT ENGINEER 
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7. INDUSTRIAL APPLICATION OF CAFLAP 
The i n t e r a c t i v e program f o r manual p o s i t i o n i n g was used 
duri n g 1986-87 Fa c t o r y Layout Planning p r o j e c t s f o r E l t r o n 
(London) L t d . E l t r o n (London) L t d . , e s t a b l i s h e d i n 1927, 
has three f a c t o r i e s employing over 200 people and i s one of 
the world's l e a d i n g manufacturers of i n d u s t r i a l e l e c t r i c a l 
h e a t i n g systems and equipment. 
E l t r o n r e q u i r e d new l a y o u t s f o r a two-fold i n c r e a s e of 
p r o d u c t i o n c a p a c i t y on 'green f i e l d 1 s i t e , and cooperated 
with Middlesex P o l y t e c h n i c on development of necessary 
l a y o u t s . For examples see Appendix I I I . , Drawings No. 2. 
and 3. 
Although i t was not p o s s i b l e to do any d e t a i l e d and exact 
q u a n t i t a t i v e c o n t r o l - s t u d y e v a l u a t i o n , work on the l a y o u t 
using CAFLAP proved much f a s t e r than had been p o s s i b l e 
h i t h e r t o by t r a d i t i o n a l methods. 
F i n a l r e s u l t s , with drawings p r i n t e d on the CALCOMP 960 
p l o t t e r , were a l s o of a s u p e r i o r q u a l i t y to those p r e v i o u s l y 
o b t a i n e d . The r e s u l t s produced were more than s a t i s f a c t o r y 
i n f u l f i l l i n g the p r a c t i c a l needs of the p r o d u c t i o n 
management team. C e r t a i n l y i f d e t a i l Work S t a t i o n s Modules 
had a l s o been i n c o r p o r a t e d at that time, the r e s u l t would 
have been even more remarkable and w e l l r e c e i v e d by 
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Industry. 
The automatic p o s i t i o n i n g program was a l s o not then f u l l y 
developed so t h a t i t was not p o s s i b l e to t e s t i t s impact i n 
a r e a l i n d u s t r i a l environment. However, t e s t runs have 
shown th a t the method of automatic p o s i t i o n i n g of i n d i v i d u a l 
work s t a t i o n 3-D templates i n c o n s t r u c t i o n or improvement 
s i t u a t i o n s , with the use of c o l l i s i o n course f i n d i n g and 
c l a s h i n d i c a t i o n , i s v i a b l e and very f a s t . O r i g i n a l l y , as 
s t a t e d i n chapter 4.2, the development of CAFLAP was aimed 
at l a y o u t and r e l a y o u t of a medium s i z e e n g i n e e r i n g Company 
with batch p r o d u c t i o n and with a maximum product weight of 
60kN. These l i m i t s were s e t because the development of 
CAFLAP was t a r g e t e d on companies with l i m i t e d r e s o u r c e s , 
premises, and manufacturing f a c i l i t i e s . I t was o r i g i n a l l y 
wrongly contemplated th a t the span of an i n d u s t r i a l bay, or 
the type of M.H. equipment (e.g. crânes, f o r k l i f t t r u c k s , 
conveyors) and shape of a i s l e s , c o u l d l i m i t the use of 
CAFLAP automated l a y o u t system. These f a c t o r s c o u l d be 
r e s t r i c t i v e and co u l d cause problems f o r the use of 
computerised methods d e s i g n i n g block p l a n p l a n t l a y o u t 
(Chapter 3.2}. But the CAFLAP method of p o s i t i o n i n g 
i n d i v i d u a l work s t a t i o n s i n a ' t e c h n o l o g i c a l 1 l i n e i s not 
r e s t r i c t e d i n t h i s way. Hence the advanced development of 
the automated p o s i t i o n i n g method has a c t u a l l y d i s p r o v e d the 
e x i s t e n c e of such a r e s t r i c t i o n , and CAFLAP may be used f o r 
any gênerai a p p l i c a t i o n . 
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EVALUATION OF PROJECT ALTERNATIVES 
P r o j e c t s and a l t e r n a t i v e s , i n a c l a s s i c a l p l a n t l a y o u t 
approach, are u s u a l l y e valuated by means of comparison of 
the f o l l o w i n g main parameters: 
- p r o d u c t i o n programme per time u n i t 
(expressed i n terms of q u a n t i t y of p r o d u c t s , 
weight, etc.) 
- areas 
- number of p r o d u c t i o n machines 
- number of o p e r a t o r s 
and i n d i c a t o r s d e r i v e d from the above e.g: 
Rat i o of Manufacturing Area to T o t a l Area; 
Area per one work s t a t i o n ( i n m s q . / 1 ); 
Produ c t i o n output per 1 m sq. of Manufacturing Area 
( kN /m sq.) e t c . 
The Space Management concept o f f e r s a completely new 
approach to the économie évaluation of p r o j e c t s and t h e i r 
a l t e r n a t i v e s , g i v i n g more a c c u r a t e r e s u l t s . T h i s i s 
achieved by c o n s i d e r i n g new f a c t s , e s t a b l i s h e d i n the course 
of t h i s r e s e a r c h work, with f o l l o w i n g examples of r e s u l t i n g 
i n d i c a t o r s e.g.: 
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R a t i o of : 
Manufacturing Space to t o t a l space of the h a l l ; 
Manufacturing Space to Product Space; 
Manufacturing Space to Maintenance Space; 
Manufacturing Space + Product Space to Manufacturing 
S e r v i c e s Space; 
Manufacturing + Product + Manufacturing S e r v i c e s Spaces 
to 'Breathing Space'... e t c . 
The h i g h e s t r a t i o of Manufacturing Space to the 'other' 
spaces i s sought. A s e t of i n d i c a t o r s may be t a i l o r e d 
a ccording to i n d i v i d u a l needs. 
They c o u l d a l s o p r o v i d e a very i n s t r u c t i v e feedback f o r 
d e s i g n e r s and machine manufacturers. 
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8. PRESENT LIMITATIONS OF THE SYSTEM 
AND 
RECOMMENDATIONS FOR FURTHER DEVELOPMENT 
At t h i s stage of development the System has the f o l l o w i n g 
l i m i t a t i o n s : 
There i s no independent f a c i l i t y f o r c o l l i s i o n course 
f i n d i n g f o r t r a v e l l i n g overhead crânes or i n s t a l l e d r o b o t s . 
If they are to be avoided, the ' o b s t a c l e s ' have to be 
entered at présent v i a 'CIVES3.FOR 1 program. In the same 
way th a t power and p i p e l i n e networks are c o n s i d e r e d . 
A f a c i l i t y f o r an automatic d e s i g n f o r an width of 
i n d u s t r i a l bay and optimum i n d u s t r i a l h a l l i s not y e t 
a v a i l a b l e . 
There i s as yet no f a c i l i t y to move the p i c t u r e of the bay 
to keep pace with automatic development of the l a y o u t , and 
to produce the 'continuous bay' i n g r a p h i c a l présentation. 
At présent the area of l a y o u t shown i s l i m i t e d to i n d i v i d u a l 
s e c t i o n s , determined by the s i z e of VDU. 
Other programs (e.g. S t r a t h c l y d e ) désirable f o r 
' t e c h n o l o g i c a l ' p o s i t i o n i n g of work s t a t i o n s are not 
i n c o r p o r a t e d i n the o v e r a l l System. 
With r e s p e c t to the above l i m i t a t i o n s , 
areas f o r f u r t h e r development: 
the 
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f o l l o w i n g are 
- to extend the a l r e a d y developed programs 
i n t o a i l the remaining areas of p l a n t l a y o u t ; 
- to use c o l o u r s (colour VDU) f o r f u r t h e r 
improvement of i d e n t i f i c a t i o n of spaces (man, 
maintenance) and f o r space saving d u r i n g 
c o l l i s i o n course f i n d i n g ; 
- to add a f a c i l i t y f o r complète automatic design 
of i n d u s t r i a l bays and h a l l s ; 
- to i n c o r p o r a t e the 1 t e c h n o l o g i c a l 1 p o s i t i o n i n g 
programs and f a c i l i t y f o r automatic r e t r i e v i n g 
of i n f o r m a t i o n from Work S t a t i o n Cards; 
- to b u i l d a l i b r a r y of Work S t a t i o n Modules of 
a i l B r i t i s h made machine t o o l s ; 
- to i n c o r p o r a t e / d e v e l o p the System 
i n t o a Computer I n t e g r a t e d E n g i n e e r i n g System. 
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9. CONCLUSIONS 
A Computer Aided F a c t o r y Layout Planning system has been 
developed to the stage where i t i s i n d u s t r i a l l y u s e f u l : 
f u r t h e r refinements are suggested. 
The SPACE MANAGEMENT p r i n c i p i e s used are a b s t r a c t e d from the 
complex r e a l i t y of the F a c t o r y Layout Planning f i e l d . These 
p r i n c i p i e s , t r a n s l a t e d i n t o CAFLAP system, enable l a y o u t 
tasks to be g r e a t l y s i m p l i f i e d . 
A l l the main ideas and p r i n c i p i e s of CAFLAP developed here 
have been confirmed by computer programs compiled and t h e i r 
r e s u l t s . 
The Computer Aided F a c t o r y Layout P l a n n i n g system should not 
be c o n s i d e r e d as a new d r a f t i n g system, ñor as an a l g o r i t h m 
f o r f i n d i n g the most s u i t a b l e r e l a t i v e placement of work 
s t a t i o n s . 
CAFLAP should be judged as a t o o l f o r : 
- speeding up l a y o u t work through the a p p l i c a t i o n 
of CAFLAP ideas e.g. Work S t a t i o n Modules, Space 
Management concepts and p o s i t i o n i n g systems; 
- i n c r e a s i n g the q u a l i t y of l a y o u t work 
by means of d e s i g n of Work S t a t i o n Modules and 
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c o l l i s i o n course f i n d i n g p o s i t i o n i n g programs; 
- d i m i n i s h i n g manual r e p e t i t i v e n e s of l a y o u t work; 
- i n t r o d u c i n g f a c i l i t y f o r a more d e t a i l e d l a y o u t 
i n the e a r l y stages of a p r o j e c t , which w i l l 
i n c r e a s e the q u a l i t y and the q u a n t i t y of i n f o r m a t i o n 
a v a i l a b l e f o r stratégie décision making. 
CAFLAP i s t h e r e f o r e a d e v i c e to: 
- f r e e engineers f o r more créative work; 
- e l i m i n a t e the number of p r o j e c t stages; 
- ease f i n d i n g optimum a l t e r n a t i v e s of l a y o u t ; 
- i n t r o d u c e new models i n t o p r o d u c t i o n 
i n the s h o r t e s t p o s s i b l e time; 
- lower the c o s t of c a p i t a l investment. 
The developed SPACE MANAGEMENT concept a l s o o f f e r s a new 
approach to the economic évaluation of p r o j e c t s and t h e i r 
a l t e r n a t i v e s , by means of comparison of r a t i o s of spaces 
(Chapter 7. -Economie E v a l u a t i o n of P r o j e c t A l t e r n a t i v e s ) . 
Assessment of the e s s e n t i a l Manufacturing Spaces, together 
with a i l the a u x i l i a r y , s e r v i c e , and ' b r e a t h i n g ' spaces, 
helps to f i n d the areas of p o t e n t i a l r e t r e n c h . T h i s then 
leads to an expédient r e l a y o u t and even to a r a t i o n a l 
r edesign of Work S t a t i o n Modules. I f an improvement of the 
e x i s t i n g f a c t o r y i s undertaken, the assessment, with the 
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help of the spaces r a t i o s , p i n p o i n t s the areas with the most 
abundant use of the a u x i l i a r y spaces which should be t a c k l e d 
f i r s t . 
Computer g r a p h i e s methodology, p r i n c i p i e s , and k i n e t i c 
f u n c t i o n s , have a l l been used i n an i n n o v a t i v e way to a s s i s t 
the créative d e s i g n work of p l a n t l a y o u t engineer. 
An e a r l y décision was made to use simple hardware i n t h i s 
work, e.g. a s m a l l monochrome VDU and a b a s i c p r i n t e r . The 
aim was to make CAFLAP system a c c e s s i b l e to a widest 
p o s s i b l e spectrum of u s e r s . C e r t a i n l y t h i s décision imposed 
some l i m i t a t i o n s on the extent of development of the Space 
Management i d e a s . Further development i s t h e r e f o r e a matter 
of some compromise, but the main o b j e c t i v e s of the c u r r e n t 
work have been achiev e d . 
CAFLAP system i s an important step forward i n the d i r e c t i o n 
of t o t a l computer i h t e g r a t e d e n g i n e e r i n g system d e s i g n . 
BOB KOBLIHA 
22nd J u l y 1988 
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Standard terminology, given by B r i t i s h Standards, s t i l l 
f a i l s to cover some areas i n P r o d u c t i o n and I n d u s t r i a l 
E n g i n e e r i n g . In thèse areas terminology v a r i e s from f a c t o r y 
to f a c t o r y and a l s o i n t e r n a t i o n a l e among E n g l i s h speaking 
c o u n t r i e s . T h i s i s true e s p e c i a l l y i n the f i e l d of Fa c t o r y 
Layout Planning which i s o f t e n accented by American E n g l i s h . 
Some terminology and e x p r e s s i o n s which, are f r e q u e n t l y used 
i n p a r a l l e l , f o l l o w : 
Item Term P a r a l l e l E x p r e s s i o n ( s ) Remarks 
< 
1 P l a n t Layout F a c t o r y Layout Planning 
F a c i l i t y Layout 
F a c i l i t y A l l o c a t i o n 
Economie A c t i v i t y L o c a t i o n 
2 P r o j e c t Stage P r o j e c t Phase e.g. Muther[4] 
3 F e a s i b i l i t y Programme Study 
Study Investment Study 
4 Investment Programme e.g.Ford Motor 
P r o j e c t Company 
Tender 
5 P r o j e c t F i n a l Stage P r o j e c t 
Page 2 
Working D e t a i l Drawings 
Drawings Shop Drawings 
"as made" drawings 
I n t r o d u c t o r y 
P r o j e c t 
' t e c h n o l o g i c a l ' t h e o r e t i c a l pos 
p o s i t i o n i n g 
P r e v e n t i v e 
Maintenance 
Regular Maintenance 
i n t e r m e d i a t e 
stage 
p o s i t i o n i n g 
to s u i t best 
t e c h n o l . 
demands and 
economy of 
p r o d u c t i o n 
10 Manufacturing A u x i l i a r y S e r v i c e s 
S e r v i c e s S u b s i d i a r y S e r v i c e s 




Templates and Tapes 
Templates and Paste 
Tompkins 
and White[39] 




C O M P U T E R P R O G R A M S 
1. 'WSBUILDR.FOR' 
2. 1WSRECALL.FOR1 
3. 1CIVES.FOR * 
4. 'IYTVAXOO.FOR' 
5. 1IYTWSFILE.FOR 1 
6. 'POSCLASHS.FOR' 
7. * DISPLAY.FOR' 
8 . 1MFEED.FOR' 
9. * WSVTOTO.FOR' 
10. 'M100.F0R' 
1. 
144 4 4444444 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44444444 4444 44 444444444 
14-444444444444444444444444444444 MIDDLESEX PCLYlECHPJłC VAXtí 11/765 444 44 44444 4 44 444 44444 4444 44 
14 444'i 44 44 4-Í44444 44444 4 4 4 4 t 4 4 4 4 4444444 4444444444 4444444444444444444444444444444444444444444444444 
O Ü Ü C Ü G UHBBBbBB 11 
d b b B ö b b b O Ü O U Ü C HbbBbBbB 11 
ÜB BB oa co BB BB U l i 
ÜB E>B OD co BB BB U l i 
BU Bb OCi co BB BB u 
BI* BB ÜU co Bb BB u 
bUbüBBBii OÜ co BbBtíBBBB 11 
BÖBubüliD UÜ C Ü bBBBBBBB u 
ÖÖ BB Ot) CD Bß HB 11 
bb GB 00 Cu bb HB u 
be Bb UÜ CU BB Bb u 
bb bb Ü 0 C u Bb HB u 
bbbbbBUb ooocnu BBHBBBBB 111111 
iABbbbbbB B U i b b B B b 111111 
V, s s s s HB h Fl U '.. 111 L DPDD KhHR 
V « Ü B B u I L D D H U 
V. s B H U U l L D P H R 
IS SS.S BbbB U Li 1 L P L kfiKR 
It « n o B ti U U 1 L D D K R 
A * *• 5 tí b Li U I L l> £.' h R 
V : BPHtJ UUUIIU 111 L L L L L DDDD K R 
J UDO B8bB 1 l 55555 999 
J U 0 Ö L' 11 11 5 9 9 
J 0 U b b 1 1 555 9 9 
J 0 0 BBBb 1 1 5 9999 
J J U 0 B tí 1 1 5 9 
J J U 0 B B 1 1 5 5 9 
J J J UOO HBHB U l U l 555 999 
. U 5 9 ) tiueueó co u ï S s P k l N ï on 9-nuV-i9t¡7 12:13 c y u s e r B ü b l , UIC IRE5M0012, B U B U , u n d e r a c c o u n t RES 
m p r i n t e r _ L P A ü : on y-í-:ov-19tj7 1 ^  : l J f r o m q u e u e L F AO . 
1444 1444444 4 14 4 444444444444 44 4444 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4444 44444444444444444444444444444444444444444444 
1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 D i g i t a l E q u i p m e n t C o r p o r a t i o n - VAX/VMS V e r s i o n V4.5 444444444444444444 












































43 505 0 — 44 

















FO* PESlGiJ/DKA'-JliiG OF »(lf<c STATIONS AND EÛUlPh..-, 
lHp*Gi/Eb UN 1 - ô . L Q . b ô . 
rUKTIiKH IMPhGVEMKriT 1 Ul HO DOC L'D OU 1 0 . 2 . 8 7 . 
HJh'il'Kh i H P K C v E H E t i T Cf. 31.7.S7 C 'ÙPERATUP- * AL'DED) 
HÉ A L A ( 3 0 ( l O ) , b ( 5 U O O ) , C ( 5 0 ( ) 0 ) , R ( 2 0 0 0 ) 
INTEGEh S I D E S 
LOGICAL F t R S T 
CHAR.\Ci.'Ek*12 F l Llî AM 
CiiAIJ AC1EH* l ' l u i f* A M £ 
C H A K A C T E K * 1 2 ' 1 * G : J 0 
Fllï;î']' = .TkUE. 
«.Kll'K ( ¿ , 5 0 J 
F Û K M A T (' 0 k K S T A I I U i i Db&lGD PRL'OR A H . ' ) 
P l e d s e s t a r t 
* rl e s i <-i n t r on- t n e o r l T i n u s i n a on l y p o s i t i v e l i g u r e s . . . 
fe.tncJ.odim; '-'ork s t a t i o n f ' o c u l e V o l u m e . . . t u r n i n. [.oint, i s 
à l e £ t bo t t o n - c o i n e r . m i s i s i n-uor t a n t f o r J e ..in:., a n d 
f, an t ornât t c pos i t l o i i l r . t j a s »e 11 ! 
CALL bh'LL 
C A L L NE/.PAO 
* i u T E (6,»o) 
K. * l> i t A T (* SilAPt'S anu COPES'//* i i e l e c t w a n t e d ' ) 
C A L L upni:;c o -J L T I A * , toi 
G G X _ s i i a p e d P A h T S . s t e r t - a l t o l o u n d a t . p l e t e " 1 
AUCIiûklNC bULTS o r FLÏUhD AT IUU bOL'IS') 
CÏLli.DKlCAL P A R I S ' ) 
C Ù N 1 C A L PAKTS*) 
P Ï K A M U ' A L P An T S * ) 
Cût.TJLlJE 
«'RITE 1 0 , 5 0 0 1 ) 
t- llUt' AT ( ' liX 
«rillt ( o , 5 0 2 1 ) 
K U H M ; , T ( ' AL* 
- R i T i ; ( b , 5 0 3 0 ) 
KijtfMAT ( ' C i 
L K I T E ( t > , 5 0 4 0 ) 
F C J U M A T (* CU 
- H i T E (u,505C) 
FiiW'-'.AT C PY 
•tkJTE (o,5u60) 
FOP.HAT l * SP S P i l E P I C A L P A U i ' ) 
* k l T E l u , 5 0 9 0 ) 
Eùh'-AT ( ' UP O P E R A T Û H ' ) 
WRITE (6,5070) 
FU^-'AT (' TiJ T10 MJhflER a u n i q u e I d e n t i f i c a t i o n n o ' ) 
iJHITi-: ( ¿ , 5 0 3 0 ) 
FORMAT (' At UU bDP.E ShAPES k E Ù U E S T E U - E N D OF S E S S I O N * , / ! 
• R l ' i E (0,35) 
FUM'AT (' P l e ô s e - r i t e tr.e s e l e c t e d CODE') 
CALL b E L L 
* E A D ( ô , 4 0 ) C ' J P £ 
F ù [ < K A T ( A 2 / ) 
U" (CODE.EU. 't*X' ) GOTO 200 
IF ( C G D E . E u . ' A b ' ) G».'TC. 300 



































































I F i C O D E . E u . 'CO' ) G Ü 1 0 500 
1F (CODE.EU. *PY ') GOTO 600 
I F t CODE . E ' l , 'SP * ) GOTO 700 
1F (CODE.E0.'UP') Ü C T O 900 
IF ICOUCE-U.'IN') GOTO 800 
I F ( C Ü D E . E D . ' X X * ) GOTO 1 00 
I F TUE EHTHY OQES tvOT C Ü K R E S P U N D WITH THE CODE 
TrIE ERi\Oh r>E5SAGE IS 111 EN 
CALL tiELL 
»•RITE CO,701 
FüRciAT t * P l e a s e e n t e r y o u r r e s p o n s e a o a l n - u s i n c C A P I T A L S * ) 
G ü l u 30 
CGi'.rii.oE 
bU* StiAPES AHE INTfiüDUCED 
CALL, P E L L 
V E I T E ( 0 , 2 1 0 ) 
F U R ^ A l (' P l e a s e e n t e r clin . t o r X , Y , Z, ROT , X5 , YS, ZS i n cm!'/) 
« U T E UiHL:.S10fiü M U S T BE P U T 
(UJMIiERS KUoT HE Erl T EP ED IN 
KOTAT1UN i t . OEGHEE (EXAfcPLE 
IN CENTIMETEHS 
5 F I G . , D E C . P O IN 
30.0 ) 
Af.D 2 F I G . F U P . M 
kEAD 
R I T K 
FURMA 
CALL 
C A L L 
I U I . I I . U r ü K C t U A H K I - M J I / . U J 
( 5 , 220 ,E;;D = 2 i O ) X, Y.Z.RG'i , AS,YS,ZS 
( 10, 220) X , Y , Z,KUT,XS,YS,ZS 
I l 7 t o . 2 / ) 
bUX ( A , X , Y , Z ) 
T0k.'.3D ( A , ROT , 0 . 0 , 0 . 0 , 2 , b ) 
CALL S Ü I E T 3 ( P , A $ , Y R , 7 , S ) 
CO.* 7 J i*0 E 
GOTO 1000 
CONTI ri u E 
CALL B E L L 
SHAPES UF EI.CtiORlrJG B Ü L T S ARE 1UTRODUCED 
ftKlTE(o,310) 
FORMAT (' P l e a s e e r . t e r d a t a t o r R O T a t i o n a n d S n l f t X S , Y S , Z S * / ) 
KEAO(b,320,EHD = 330)R>JT,XS,YS,ZS 
<*RJ T E ( 10, J 2 0 1 H Ü 1 ,XS, l'S,ZS 
F ü H r i A T H f b.2/) 
CAL L FfjOLT (A) 
CALL TUKN3D(A,ROT,0.0,0.0,2,b) 
CAL L S L I F T 3 ( b , X Ü , Y 5 , Z S ) 
COfiT 1K DE 
G Ü T U JÜOO 
CUNTl.'iüE 
C A L L t.'ELL 
CYLIDDR1CAL PARTS AHE INT RUDUCED 
* H l T E l b , 4 0 5 ) 
C 4. 
r U H K Ä T C P l e a s e » r i t e o i i h . DI A , H E i G h T , S [ DES, KOT , XS , YS, ZS '/) 
HC Au (5,410,EfJD = 4 2 0 ) i ; i A , h E l G , 5 1 D E S , R u T , X 3 , Y G , Z S 
* R I T £ ( 1 0 , 4 l O ) D l A , h E J G , S I D F , S , R O T , A S , Y S , Z S 
KilHri AT (2r b . 2 , 1 8 , 4 F 8 . 2 ) 
C A L L C Y L 1 N D ( A , D I A , t i E l G , S l D E ; > ) 
n 127 CALL T U W N 3ü C A , KOT, 0. 0,0.0, 2, C) 
C A L L r»HIKT3{ti,AS f Y S F Z S ) 
CU : J 1 IDUE 
GOTO J OOd 
CüriTli.UE 
CAL1, l-LLL 
C O ' - I C A L PARTS A R E HiTHOPOCEC HEKE 
« R I T E ( 6 , 5 1 0 ) 
P H P M A I l ' P l e a s e e n t e r uln-, o£ c o n e D1AM,HEIGHT e n u No o t 
i s l d e s , R o t a t i o n ROT a n d s h i f t X S , Y S , Z S ' / / ) 
READ ( 5, 52 0 , EN 0 = 5 30) L I AH , DEICHT , iJO.KÜT, XS, YS , Z5 
>.'RJT£ ( 1 0 , 5 2 0 ) HEIC;iiT , I.D,r>ÜT,XS f YS, ZS 
r Ü R N A T ( 2 F b . 2 , 1 14,4P8. 2) 
C A L L COI.E (rt,DIAK , R E l G h l , t.'ü ) 
C A L L TUn:.3D ( A , R O T , 0 . ( / , 0 . 0 , 2 , b ) 
C A L L Ü H 1 K T 3 (U ,XS,YS,ZS) o 





























































C O ü T I i^UE 
GUT'.' I '10') 
Cüi-XI NÜt 
CALL HELL 
PYRAMIDAL P A n l S ARE 1 f'TKi;DUCED HEBE 
**R I T E ( u , M O ) 
F Ü R » ' . « ! (* P l e o s « e n t e r t l i r t e i t s i o n s t o r P y r a m i d a l r - a r t s « 1 D T H , 
fcOEP'J'M, JiElGHT und ROTATlOi. a n d S n i t t X S , Y S , Z S * / / ) 
R E A L » (5,t.20,eiiü = 63C) * 1 DTR , DEPTH , HE 1 GUT, HOT , XS , YS , ZS 
« R I T E ( 10,620) * I UTK,DEPTH,HE1GHT,HOT,XS,YS,ZS 
F O R M A T ( 7 F 3 . 2 ) 
C A L L PVP A H ( A, A [OTri , DEPTIi, DEICHT ) 
C A L L TUKN3D (*,HUT,0,0,0.0,2,h) 




C A L L B E L L 
H E R E A R E [MTRÜUUCEl) A L L S P H E K I C A L P A R T S 
* H J T E 1 6 , 7 1 0 ) 
F ü R n A T ( ' P l e a s e e n t e r d j i r e n s i o n t o r s p n e r l c a l t - a r t s D I A H , 
¿Nti.no o t n o r i z o n t a l t i l e s a n d i»v_no o f v e r t i c e l t i l e s 
«.äncl K ü T a t i o n arni S D l t t X S , 1 S , Z S ' / ) 
READ (5,720,E!,'ü = 7 3 0 ) p l A K , h H , h t f , ROT , XS , YS , ZS 
1— 181 « R I T E U Ü , 7 20)UlAM,ivri,NV,i;üT,XS,HS,Z:> 
182 720 KU HM AT U P 8 . 2 , 2 1 & , 4 F t f . 2 ) 
183 CALL, GPHEHE l A , C ! A h , i * H , n V ) 
184 
185 
CALL. TÜKN3lt( A,ROT, 0 . 0 , 0 . 0 , 2 , b) 
C A L L S H I F T 3 ( b , X 3 , Y S , Z 3 ) 
186 730 CÜNTIIJÜE 
187 G U T Ü 1 0 0 U 
188 
189 900 C U M 1NUE 
190 C A L L IjELL 
191 C -
192 c 3-0 T E K P L A T E / H G U E L OF 'UI'r.RATUK* IS INTK Ü D U C E O . 
193 c 
194 A S I ' I E l v , 9 1'.' ) 





REAL' 15 , 920 , ENUS-J30 J RoT , XS, IS , ZS 
« R I T E { 1 0 , 9 2 0 J H L J T , X S , V S , Z Ö 
199 920 F O R M A ! l 4t" B . 2 i 
2 0 0 C A L L UPtkATUR L A ) 








800 CUM' ti.UE 







IiE r .E I S i;.TROLUCEL> A TAU Nü.lbER o 2 1 1 h R I T E ( 6 , <i 1 0 ) 2 1 2 
213 
214 
810 FORMAT l ' P l e a s e e r i t e r TAG Nu, R O T a t i o n ar.o s h i t t X S . Y S . Z S ' / ) 
REAL ( 5 , 820 ,Ei.Ü = 8 30 ) T A G ' i O , k ü T , X S , YS.Zf. 




820 FOHMA'l ( A 6 , - 1 F 8 . 2 ) 
CALIi ÜERSri (TAGfiG, 6, 2 , 60. 0 , h ) 
CALL. Tl>At.'SPtR,A) o 218 219 C A L L T U R N J D ( A , R O T , o . 6 , o . o , 2 , b ) C A L L Ü H 1 F T 3 (. R , XS , YG , IS ) 
2 2 0 830 C Ü N T Ü U J E 
221 
2 2 2 





1F i F l h S T j GOT 0 1010 
CALL J O I t i t b . C J 
—. 226 227 
228 
G U T ü 30 
229 1010 COIJTKJUE 
230 C A L L CUPY <B,Cj 
231 F I R S T = . F A L S E . 
232 GOTO 30 
233 
234 100 CGtvTKJUE 
235 C A L L C L O I S C (FlL<*A(i, 1 0 ) 
236 
237 C A L L U p b l l i C t ' * 3 t " t > l r t ' , 10) 
238 FAC s D I K C F A C ') 
239 
240 
F Ü R A = D I l i ( * r O K X ') 
FÜR Y =Dlfi(*FÜRY ') 
I 
C 6. 
241 P R A X I s Ü l M ' F K A X l ') 
242 FRAX2 = U l r U " F h A X 2 ') 
243 F R A U =L>1!;('FRAY1 *) 
244 FEAY2 = D I N ( ' F R A Y 2 ') 
245 
246 
PICPLA=D1N( ' P I C P L A ' ) 
ÜlÜT'UC = üir* ('DlSTr.'C) 
247 RUTATW = DI.-l('ROTATN') 
246 
249 
E L E V T W = C 1 N ( ' E L E V I N * ) 
CAL L C L I U S C ( ' * S F L > I M ' , 1 0 ) 
o 250 C A L L N E w P A Ü 251 C A L L START 
252 C C A L L F A C T U H ( F A C ) 






C A L L FRAi<£( PRAXI ,FRAX2,FRAV1 , F H A Y 2 ) 
C A L L P L A ^ E ( P I C P L A ) 
C A L L Pt Y t ( 0 . 0, 0.0,0.0, Iii ST tvC, ROTATJi, E L F V T » ) 
C A L L IJRAftlT(C) 
C A L L f.CLOSE 
259 C A L L F 1 M S H 
260 C 
261 C 1F T H E SR ARE I S ACCORDH.G TCi ÜUR REONI R E M E » T S A Y YES o 262 C 263 * R l T E ( L , 2 1 i " ü ) 
264 2100 FiiRf-'ATt* I s tne worn S t a t i o n o t a r e g u i r e d l i k e n e s s Y F / N 0 ?') 
r-, 26S 266 READ 15,2110 JAKS 




I F (A?;S..:<...'i;ij'.UR.Af.S.E(;.'N') G Ü T O 30 
1F ( AT-.S . E'i . ' I E* .UR. A>-S ,Eü . * Y ' ) G O T O 2 20 0 
271 2200 COI.'TI^UE 
- 272 C 
273 c KORK ST AT 1 Oü L E T A I L E D I; R A V. ti Hl HELP OF THE A B Ü V E PROGRAM 
274 c IS F I L E D U0ER A U N l u b E '1 A G NUMbER 
275 c EACt: « O R K STATION M A S G O T 1TS Ü « N F I L E 
276 c 
_ 27" A R 1 T E ( U , 2 3 0 O ) 
— 278 2300 F O R M A l l ' E ^ T E R t" i LER Art£/v SN An-E=a t a g Ho. o f work S t a t i o n d r a w n 
279 REAlt(5,2310J-AS:iAME 
280 2310 FtiR¡4AI ( A 1 2 ) 
281 
282 
C A L L OUT3IHC, «Sr-AHE) 
Ö T U P 










TH15 I S « SObKOOTlNE URAV.1NG AN A N C H ü R I N G BOLT 
288 c... 
s_- 290 
291 ÜübRIJOTJiiE FbOL'i ( F l 
r-. 292 293 
294 
REAL Ü ( 3 V ) , E ( 3 8 ) , F U 2 7 ) 
CAL L L1 N E 3 'J ( 1 >, 0 . 0 , 0 . 0 , 2 . 0 , 0 . 0 , 0 . 0 , - 2 . 0 , 1 0 ) 
O 295 
C A L L L I N E 3 U ( E , 2 . O , 0 . 0 , 0 . 0 , - 2 , 0 , 0 . 0 , 0 . 0 , 1 0 ) 
296 
297 
C A L L J U I N ( D , E ) 
C A L L L I K E 3 D C E , 0 . 0 , 2 . 0 , 0 . 0 , 0 . 0 , - 8 . 0 , 0 . 0 , 1 0 ) 
O 






_ 301 C 
302 C *UPt l - . Ä T U H ' - J - U T E M P L A T E 
303 C 
304 S U L i P U U l l l . 'E Ü F E P A T Ü K <*i) 
t 305 C 
306 C T K L ^ •s , knt".S , LEC-S 
307 C 
308 K E A L A ( 1 0 0 ) ,iJ l 500 ) , C ( yOO) 
309 c H E A L 
310 h E A L PC 1 0 0 0 ) , 0 ( 1 2 0 0 ) , T ( 2 0 0 ü ) 
31 1 
312 
313 C A L L in.'/, ( A , b b . 0 , 6 0 . 0 , 3 5 , 0 ) 
314 C A L L S H1 r"T 3 ( A , 0 . 0 , 9 0 . 0 , 0 . 0 ) 
315 C A L L I J U A I i ) , 1 0 . 0 , 9 0 . 0 , 2 0 . 0 ) 
^ 316 C A L L J L ' l [- ( A , i> ) 
317 C A L L t-.r.r. ( C , 1 0 . i J , ^ 0 . 0 , 2 0 . 0 ) 
316 C A L L o h l t T 3 ( 0 , 3 5 . 0 , 0 , 0 , 0 . 0 ) 
319 C A L L • l ü l i : (u , C ) 
320 • C A L L b ü X ( F , 2 0 . 0 , 2 5 . 0 , 2 0 , 0 ) 
321 C A L L G n l E 1 3 (F , 27 . 0 , 1 5 0 . 0 , 0 . 
- 322 C A L L J I U : ; ( C . P ) 
323 C A L L CL'JE [ D , 2 0 . 0 , 1 5 . 0 , b ) 
324 C A L L r u R . ' i i o t i : - , 2 7 0 . !>, o . o , o , o 
325 C A L L 3 n 1F T 3 (T , 2 7 . 0 , 1 5 5 . v , - 2 
j 326 C A L L Jui;, ( F , ' l ) 





k E T U h 







334 c... L-OI L i 'k Ur:i:-EP 'l HE NA:iL ' « S r l b F 
335 c 
8. 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 MIDDLESEX POLYTECHNIC VAXB 11/785 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
BBbHHHBK OOOUUG BBBBBBBB 11 
bbbb&iibtl O Ü O O U C bbBBBBBB 11 
bb DH OU CO BB BB I U I 
BU Bö Ù U eu BB 8B U l i 
BB RH OU 00 BB BB 11 
S6 BB 00 eu BB BB 11 
bBbbbBbb OU CO BBBBBBBB 11 
lïBbuHHftb OC CO BBBBBBBB 11 
ÜÜ Bb 00 CO Bb BB 11 
bb bb ou CO Bb BB 11 
BU BD 00 CO BB BB 11 
bb . bb ou co BB BB 11 
HbbbBbHb oooooc BBBBBBBB 111111 
bBBUDbfcb O Ü O G U C BBBUBBBB n i m 
1* SSbS HHHH EEEfcE CCCC AAA L L 
w W 5 H K t' C A A L L 
il K a R R E C A A L L 
'«• ń S5S HRRR E E E E C A A L L 
t. H A S H U E c AAA A A L L 
iHn S R R E c A A L L 
V. h s s s s R R E E E E E CCCC A A L L L L L L L L L L 
J Ö O U B b ö ß 1 1 bbb 000 
J 0 0 b n 11 11 6 0 0 
J U 0 B b 1 1 6 0 00 
J ù 0 BDBÍJ 1 1 6666 0 0 0 
0 J Ü 0 0 b 1 1 b 6 00 0 
J J 0 0 B B 1 1 6 6 0 0 
000 UBBB 111 111 666 000 
lt.0) «jueueiJ t o S Y ü S P R I N l on 9-DUV-1987 12:13 by o s e r b D B l , DIC IRESM0012, 6 D B 1 Í , u n d e r a c c o u n t RE 
p r i n t e r _LPAO: on 9-HUV-1987 12: 14 f r o m q u e u e L FAD • 
5555555555555 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
55555555555555555555555 D i g i t a l E q u i p m e n t C o r p o r a t i o n - VAX/VMS V e r s i o n V4.5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 S 5 5 5 5 
PRUGPAtf " R E C A L L . I Ü . F Ü K " 
T r t l S PHCiGKAK IS RECALLING/PRESENTIN'G THE »-ORK 5 T Í T 1 0 U 5 DR Ala N 
bY HE PL UF PHOGRAr*í hSFJ.LE.FDk 
R E A L V t b 00 0 ) 
CRAF.ACTER * 1 2 A.'iNArtE 
OlAHACTr.H* 1 2 TAGíiU 
CALL UPüJ HC C 'i.oPÜlH " , 10 ) 
F A C 
F U K X 
F U R Y 




= l>li.( *FAC 
= DJN( ' F D R X 
= DJ.-l'FuRY 
= Di í *»' RAX 1 
« D i u t * F R A A 2 
sDJN(.'Fr!AYl 
sLlíJ ( ' F r¡ A Y 2 
P i C P L A = D I i ; i ' P I C P L A * . 
U 1 S T ^ C = L;1."J ( -U1STNC ' 
RDTATK=D I •) C 'RU'I AT'i ' 
ELEVTi« = D I í¡ C 'ELE V Tu * , JO) 
CALL CLU1SCÍ'.^CFL'IF'^IO) 
CALL Ö T A k 1' 
CALÍ, F AC'IUK ( F ¿ C ) 
CALL h' 0 R t'. A T ( y lili Á , F O R Y ) 
CALL FKAl»F l Fi* AX 1 , Ft¡ AX2 ,1- KAY l ,FRAY2 ) 
CALL HLArii-.(PlCPLA) 













(t>, í¿ O ) 
T [* P i c a s e ¿'rite I n t n e ^ o r * S t a t i o n t a g No.') 
b,o>J) TAGÍJC 
T í A 1 2 ) 
I Ü 3 0 ( i"' »TAG.Jü ) 
DRA.-lT IV) 
¡iCLOoE 
F l ' . JH. i 
C 




'>666o6óuut,óoó6ó666otifaubbDbOb6&6bó »-I0DLESEX POLYTECHNIC VAXB 11/765 b 6 b 6 6 6 6 6 b 6 b b 6 6 ö 6 6 6 6 6 6 6 6 6 6 
i b o b b i > b b b u o o b 6 b 6 b 6 6 ó 6 Ó D Ó 6 b b i i b b b 6 6 6 6 6 b o 6 6 6 b & 6 b b 6 6 b 6 b b 6 6 6 6 b 6 6 6 b 6 6 6 b 6 b b 6 b 6 b b 6 b 6 6 
pbHBbBtíB OOOOUC BBBbBBBB 11 
BBbbHBÖli UOUDCC hBbbBBBB u 
6B BB 00 cu BB BB U l i 
bB BB 00 CO BB BB U l i 
HB bb 00 CO BB BB u 
oB BB 00 cu BB 6B u 
BBBBBBBB uo CO b B B ö ß B B B 11 
BbbUbtibß 00 CO BBBbBBBB u 
bb B ß 00 CO bB BB u 
EH BB 00 CO BB ee u 
bb bB oo CO BB BB 11 
BB HB 00 CU bB BB u 
BbbbbbBB Ü O O O O C BBBBBBBB 111111 
bbbnBBbb OUOOCG BBBBBBBB 111111 
CCCC I I I V V E E E E E s s s s 333 
c I V V E 5 3 3 
c I V V E S 3 
c I V V E E E E SSS 3 
c I V V E S 3 
c I V V E 3 3 
CCCC I I I V E E E E E SSSS 333 
I 
i 
J uuo BBOB 1 1 666 1 
J u 0 B b 11 11 ó U 
J u u li B 1 1 6 1 
J 0 Ü bUBt) 1 1 666b 1 
J J u 0 B Ö 1 1 6 6 1 
J J u 0 B B 1 1 6 6 1 
J J J Ü 0 0 BBBU U l 111 666 U l 
• i) ciueuen t u S Y S S P k l N l on y-i;CV-19S7 12:14 .by u s e r B ü b l , U i c [ R E 5 M 0 0 1 2 , B O B l ] , u n d e r a c c o u n t RESM 
« p r i n t e r -DPA'.): on y- K O V - l ^ H T 12:14 t r o m q u e u e LP AO * 
> 6 ó o b b b o b b u ó ó o 6 6 6 b b b b 6 6 b b 6 o 6 6 D b b o 6 f e b b 6 6 b b b b 6 b 6 b b b 6 6 6 6 
io66ó66t>6t>óbó6ÓD6óóboóbb ü l ü l t ä l E q u i p m e n t C o r p o r a t i o n - VAX/VMS V e r s i o n V4.5 6 6 6 b b 6 6 6 e 6 6 6 6 6 6 b b 
I ü b 6 o o o b o ó 6 6 ó ó 6 6 6 6 ó 6 ó 6 6 6 b 6 6 b b ó b o b ó 6 ó 6 6 b 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ó 6 6 6 6 6 b 6 6 6 6 6 6 6 6 6 6 6 6 b b 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 b 
" C l V E & . F U i . " PKUGRAR IS * RITTET; FuK DESIGN ÜF C I V I L 
ENGINEERING SPACE (5ECT10i> PF A GAY) - C P N S I S T I N G 
OF C I V I L ENGINEERING ELEMENTS ( H E K E PRESEN TED AS 
UUXES Ü N L Y ! ) 
DATA ARE FEALi I : . rtANUALLY UKLK 
( E X E P T 'DIN* P E E D I H G ) 
PRINTER AfJÜ VDU IS USED 
REAL A l 9 Ö ) , l i ( l H ) , CESPAC ( 1 0 0 0 0 ) 
REAL A > U D ( 100) , Y A I D I 100 ) , 2 K I D ( 10OJ , X D I S ( 100) , YD1S( 100) , Z D I S ( 100) 
REAL D G H ( 1 u O ) , Z T ( 1 0 0 ) , X T ( 1 0 0 ) 
K . ' T E U L V ti C E E 
INTEGER SELECT , ü E S E L , ALPHA , G R A P n i 
UATA :iELECT/"<l'J0J3/ 
UATA D E S E L / " 4 0 4 3 3 / 
DATA ALPi.A/"30/ 
DATA G R A R ü i / " J 5 / 
W R l T £ ( u , i O ) A L P n A 
F Ü R H A T { ' + ' ,A2 , ä) 
- R l T b C b , 1 0 ) S E L E C T 
« K i T E l ö , 2 0 J 
Füi'HATl" P r o g r a n . t o r o e s l y n o t ä C i v i l E n g . S p a c e ( b a y ) i n 3-1)*) 
rtklTEtö,1OJDESEL 
« H I T E l b , 1 0 ) G R A P K 1 
T l i E C I V I L ENGINEERING ELEMENTS AND 
Ü T H E R SPACES - ALL U l r. ES i UNS SHuULD öE ENTE RED IN DEC1WETER5 (DM) 
CAL L START 
C A L L G P i U S C t ' C i . D l * * , l u ) 
DISTNC = D i ; i ( ' D I S 1 N C ) 
RUTfcT::sülN( ' K O T ATD ' ) 
E O H I I U = D I N ( * E L E V T ; . ' ) 
zoür-; =DiM('züün ') 
N.,X = D i ü ( * ; a x ') 
tibi = b i ; « c : » L Y ' ) 
•JLZ = l ) l f . ( 'ULZ ') 
5HACE = D1« ('SPACE *) 
CAL L CLD1SCI'CIVDI*;'. 10) 
CAL L F Ü R K A T (oO,0,oO.O) 
CAL L ERAMEC-55.0,2b.0,-35.0,25.0) 
CAL L PEYE ( 0 . 0 , 0 . 0 , 0 . 0 , D 1 S T N C , R U T A T " , E L E V T N ) 
CAL L PLAttE ( Z O O M ) 
C A L L r'.ESÜ (ULA , iJLY ,NL2, S P A C E ) 
PKESE.-iT S ITUATION IS DRAr.1. 
CALL PkESEHT 
rit> i>EvEljOPMh>T STAR'IS I E hEODESTED 
CAL L OEVELUP 
CAL L iiCLÜSE 
C A L L F 1 M S H 










b9 c 70 71 
72 o 73 74 









84 o 85 86 60 




93 125 o 94 95 
9b 
130 o 97 9b 
99 o 100 101 
102 e 103 104 135 
105 C 
















REAL A ( y é ) , 0 ( 9 8 ) , CESPAC (100OO) 
KEAL » ' 1 D ( 1 0 0 ) ,V* ID t i 00) , Z - I L ( 100) ,XDIS( 100) , Y C I S ( 100) ,21)15(100) 
REAL D G R í 100) , Z T C 1 0 0 ) , X T ( 1 0 U ) 
INTEGER .';CEE 
l i i T E G E H 5 E L E C T ,DESEL, ALPHA , GH APh) 
DATA ü E L E G T / " 4 0 0 3 3 / 
DATA D E S E L / " 4 0 4 3 3 / 
DATA A L P H A / " i O / 
DATA G H A P H i / " 3 5 / 
wKITEÍ'j, l u j A L P i i A 
FORMATl'+ * ,A2 , S ) 
AiílTEtb, 1 U J S E L E C T 
1E tíEv*ÍJESTED A DE.i DE V ELiJpF ft»T FOLLOOS 
CrMTTNUE 
.JRITE ( 6 , 6 0 ) 
EUi'-MAí i ' Do you * i s u t o c n a n ^ e / o e v i o p . t h e L a y o u t . . . Y E S / N U ' ) 
KEAl; ( 5 , 7 0 ) A r i S 
FORMAT U 2 ) 
IE ( ANS. EG . * ti U * . ÜR . ANS . h'G . *N * ) GOTO 500 
IE (Ali 5 . E'.J. " i E * .iJK. ANS.EO. *W* ) G U T Ü 125 
rtiíITE ( 6 , 1 2 0 ) 
FORMAT (* P i e n s e e n t e r y o u r r e s p o n s e a q a i n ' ) 




CALL UPP1SC ( 'CELDIrt* , 1 0 ) 
KEAD( 10, 1SU,E.'.D = 135) ] , X * 1 ü í I ) , Y n 1 D ( 1 ) , ZW ID ( 1 ) , X DI £ ( I ) , Y H S ( 1 ) , 
Í.ZD1SÍÍ) ,DGÍ?( I ) , Z T ( I ) ,X 1 ( 1) 
*KlTr . ( 0 , 190) i , A » 1 D U ) , Yft J D ( I ) ,Z*1D( I ) ,XDIS( I ) , Y DlS ( l ) , 
fcZDIüU) ,1-GÍÍ 11) , Z T ( i ) ,X'i (1 ) 
GOTO 130 
CuiJ'i'lüUt: 
C A L L C L D I 3 C ('CELDJM',10) 
.«KITE(»,lO J A L P Ü A 
i.Hl'IEÍb, 1 0 ) ¿ E L ¿ C T 
ii'R I T E ( b , 140) 
FORMAT(' P L E A S E EDTER NO. GF C I V . E . ELEMENTS(NCEfc. ) REQU1RED *) 
* R J T E ( 6 , 1 O J U E 5 E L 
»'.RiTE(6, 10 JGHAPHi 
REAi>(5,*):¡CEE 
/iR11E(6, l«Jo)NCEE 
K Ü K W A l ( 1 3 ) 
*'RITE(6 , 1 0) ALPHA 
« R l T i . ( 6 , ) 0 ) S E L E C T 
"tñlTEtó , 160) NCEE 
FOR Í 4 A T U 3 ) 
ftRlTE(6,10)DESEL 
v i R I T E ( 6 , 1 0 ) G R A P H l 
O 
'3. 
i ^ 127 270 Fl) KM AT l ' I * , 2/, 'X k J D' , 4A , ' Y * I D * , 4X , ' Z W I D ' , 4X , " X E I S ' , 4X, ' YD 1 5 ' , 4X , 
I U 128 &'ZDIS',5X,'DGK*,5X,*ZT',5X, 'XT') 
r.'HlTECb, 101DESEL 
«RI'iEib, 1 0 ) G R A P n l 
CONTIf.UE 
R E A D ( 5 , i y u ) I , X « 1 0 ( 1 ) , Y*1D( 1 ) , Z * I l . ' U ) ,XI.USt I ) , Y D I S U ) , Z D 1 S ( 1 ) , 




























































« R l T E C b , 10 ) A LP<t A 
*rt 1'1'F.lt», 1 0 J S E L E C T 
w R I T E l o , 2 o Ü ) 
FORMAT l * P l e a s e e n l e r I t e m No., d l m , i, p o s n . o f o b j e c t s In dm 
t t o e n a uevelODfr.ent/e> t e n d l nu t y p e 99 ') 
wRITF 16,270) 
I O FDD 
i 
1F ( I . N K . ! * y ) ü ü f O 28o 
l . R I T t l o , 1 0 ) ALPHA 
w R I T F l o , l O j S E L E C T 
C A L L Ü P I U ü C l ' C E L D i i t ' , 10) 
HD 200 I r l , 9 9 
1F ( X i . l D l l ) . E u . O . O . A K D . Y i v l D U ) . E U . 0 . 0 ) GOTO 2 0 0 
h R I T E C o , 190) 1 ,X..1D( 1 ) , iW) DC 1 ) , Zv>ID(l ) ,XDIS( I ) , Y E I S U ) , ZD1S 11 ) , 
& D G M 1 ) , Z T U ) ,XT CI ) 
F C E « A T U 3 , 9 F 8 . 2 ) 
* R I T r . ( o , 1 0 ) D E S E L 
wKlXF.Cb, I I O G K A P M I 
'..RITEl 10, 190) t ,A.UD( J ) , Y'*1DI 1 ) , Z h 1L> l I ) , XD13 11 ) , Y E1S 11 ) , Z D I S ( l ) , 
t. D G R ( I ) , Z T ( 1) ,X U 1) 
CUf.'TlrJUL 
C A L L C L i ; l S C l'CELDir-, * , 10) 
A PAOSE IS ItHRODUCEl' F O K CRECKIR'G 
T O C O N T I N U S T Y P E ' G ' 
C A L L N E ^ P A G 
00 300 1 = 1,99 
1F ( Xi. I D (1 J ,FÜ . 0 . 0. Af.0, Y h l Ü 11) .EU. 0. 0) GOTO 3 0 0 
C A L L i*0X l A , X M D ( 1 ) , Y'-.'IDU ) , Z ^ 1 Ü ( 1 ) ) 
C A L L S R I F T 3( A , X D 1 S U ) , YDIS 11) , ZU IS ( I ) ) 
C A L L T U R R 3 0 C A , D G R < I J , Z T l 1 ) , X T ( 1 ) , 2 , b ) 
IF ( 1 . E 0 . 1 ) CALL COPY ( D . C E Ü P A C ) 
I F ( I . R E . l ) CALL JDIU l b , C L " S F A C ) 
cuNTiPiüt; 
C A L L DRA..JT I C E S P A C j 




SUBRUDTI NL iVESrili)LA ,ULY ,M,Z ,SPACE) 
REAL A l l o O O ) 
C A L L G R l L 3 D ( A , f J L X , . 0 , .0, .o, . 0 , F L U A T ( S L Y - 1 ) » S P A C E , , 0 , SPACE, . 0 , . 0 ) 
C A L L DRAV.IT(A) 
C A L L GP.IL3DI A,t;LY , , u, . 0 ,. 0 , F LUAT ( N L X - 1 ) « S P A C E , . 0 , . 0 , . 0 , SP ACE, . 0 ) 
C A L L DRA'* I T ( A ) 
C A L L G R I L i Ü l A , N L Z , . 0 , . 0 , . 0 , . 0 , F L U A I l N L Y - 1 ) » S P A C E , . 0 , , 0 , , 0 , S P A C E ) 
C A L L DRA'-IT(A) 
C A L L G R l L 3 D ( A , N L i , . 0 , , 0 , . 0 , . 0 , . 0 , F L U A T ( N L Z - 1 ) » S P A C E , . 0 , S P A C E , . 0 ) 








181 CALL G r t l L 3 L M A , * L X , .0, .0, . 0 ,. 0 , . 0 , ELU AT ( K L Z - 1 ) *SPACE, S P A C E , . 0, . 0 ) 
182 CALL DRAf. I M A ) 
183 
184 CALl, D M A * 1T ( A ) 
I S S R E T U R N 
186 KM 1 
187 C . . , 
188 S U l ' K U O T J N E PRESENT 
189 REAL A C 9 ê ) , a t 9 S ) , CFSPAC ( 1 0 0 0 U ) 
190 REAL X«ll;l 100) , ï'« 1L( 100) ,ZMDt, 100) , X D I S 1100) , Y D I S t 100) , Z D I S l 100) 
191 REAL D G R l 1 •') 0 ) , Zï ( 1 0 0 ) , X T ( 1 0 0 ) 
192 
193 liJTEGER DCF.E 
194 I.JTEGER SELECT , DESEL , ALl'h A , G R A P M I 
195 GATA S E L E C T / " 4 0 0 3 3 / 
196 DATA D E S E L / M 0 4 3 3 / 
197 DATA A L P i i A / " 3 0 / 
198 DATA GhAP!U/"35/ 
199 
200 
201 C M T'E L 6 , I <>) Al,pri;i 
202 CIO EUR.-'-ATI '+ *,A2,$ ] 
203 C .iril'l E t o , ) " ) S E L E C T 
204 
205 «K J T L " li>, 2U ) 
206 20 F O R ' - ' A i t ' LAïUiff .. .Tne p r é s e n t s i t u a t i o n o f d é v e l o p p e n t ' ) 
207 CALL 6 E L L 
208 CALL (ÏPDISCI'CJ *"Di;*', 10) 
209 D I S I N C = D 1 ! ; ( ' L ) I S T ! ! C ) 
210 R 0 T A T N = D 1 N t 'RDI A TU * ) 
211 E L E V T ; i = D J N ( 'ELEVTi'J' j 
212 ZUUf-' sUiïit'ZDlj;.; ') 
213 ;;LX = D I N ( ' N L X ' ) 
214 N L Y s U i H t ' r J L Y ') 
215 NLZ =D l . . ( 'NLZ * ) 
216 S P A C E =uir; ( ' S P A C E ' ) 
217 C A L L CLU1SCI. ' C i WD 1 M ' , 1 0) 
218 C A L L . • ' . E S H I ; ; , L X , R L Y , ! ; L Z , S P A C E J 
219 C A L L C P U 1SC t ' C E L D l / i * ,10) 
220 
221 60 CO'.'Tif.OE 
222 R E A D U 0 , 9 Û , E N L = 1 1 0 ) 1 , X ' A I D C I ) , Y M D I I ) , Z W 1 D ( 1 ) , X D I S C 1 ) , Y D I S ( I ) , 
223 i i Z D I S l 1 ) , D G R U ) , Z T ( 1 ) ,XTt 1 ) 
224 90 EUR K A T [ 1 3 , 9 F 8 . 2 ) 
225 C » n i T E ( o , ' * 0 ) l , X o l D U ) , Y V . ' l D t I ) , Z » < 1 0 t l ) , X D I 5 ( l ) , Y D I S t l ) f 
226 c & Z D I S ( i ) , D G R t l ) , Z l ( I j , A ï ( l ) 
227 GOTO 60 
228 110 CONTIDUE 
229 CALL CLD1SC ('CELDI (•'•*, 10) 
230 DO 150 1=1,99 
231 CALL BGA ( A , X H i D ( l ) , Y * i D 1 1 j , Z » i O l 1 ) ) 
232 CALL S i U F T i t A , X D 1 3 ( I ) , ï DIS ( i ) , Zl>lS ( I ) ) 
233 CALL TuRfî 3D ( A , DGR ( i ) , ZT 11 ) , X T t 1 ) , 2 , 1» ) 
234 1 F U . E U . l ) CALL C O P Y l b , C E S P A C ) 
235 It 11 . i . F . . 1 ) C A L L J U I N I E ) , C E S P A C ) 
236 150 C Ù D 1' 1 N U E 









T H I S IS ' C I V E S 3 . E 0 K PK UGRAM 







If I fc. 
l l 1 1 11 11 1 111111 1 U 11 11 11 1 11 11 1111 11 11 11 U 11 1111 1 11111111 U 1 1 H 11111111111 H 11111 H H 1111111 11 1 11 
-11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 MIDDLESEX PQLVTECHN1C VAXB 11/785 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L l : 
111 H i u u i n 11111 u i H 11 u 1111 n 11 n 11 u 1111111 u 111111 n i u 111 u 1111 111111111 111111111 1111 11 r 
ûBBBBBbb OOOOOC BBBBBBBB 11 
bbUBBBBb ODÛQOIJ bBBBBBBb 11 
| BB BB OÙ co BB BB 1111 5 BB BB ou co BB BB 1111 
bb BB 00 C Ù BB BB 11 
\ BB BB 00 00 bb BB 11 
s BBBBBBbB 00 co bBBBBBBB 11 
' BBBBBBBB 00 co BBBbBBËB 11 
t BB BB O Û co BB BB 11 
bb 58 00 co BB BB 11 
f b BB UÙ C Û BB BB 11 
BB BB uo co BH BB 11 
bBBbbBBB GOOCGC bBBBBBBB 111111 
BBbBiiBBB oooucc BbBBBBBB 111111 
I I I 1 Y T T T T 1 V V AA A X X 000 000 
1 Y Y T V V A A X X O O O O 
I Y Y T V V A A X X 0 00 0 00 
1 Y T V V A A X 0 0 0 0 0 0 
1 Y T V V A A A A A X X 00 0 00 0 
1 Y T V V A A X X O O O O 
111 Y T V A A X X 000 000 
J 000 8HB6 1 1 666 333 
0 u b B 1 1 11 6 3 3 
J 0 0 B B 1 1 6 3 
J 0 0 BbBB 1 1 6666 3 
J J 0 0 b B 1 1 6 6 3 
J J 0 U B U 1 1 6 6 3 3 
J J J 000 BBBU 111 111 666 333 
( 1 1 6 3 ) o u e u e d t o SYSSPKINT on 9-i.ov-iyô7 12:14 by u s e r B O b l , UIC tRESMOO 12, RCb 1 ] , u n d e r a c c o u n t 
on n r i n t e r -Lf'AO: on 9-r.OV-19a 7 12:16 t r o t " q u e u e L F A 0. 
1111 n u 11 n 11 H 1111 n i n 111 ) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n 11111 n 1111111 u 11111 u 11 ) 
1111111111111 U 1 U U 11111 D i g i t a l E q u i p a i e n t C o r p o r a t i o n - VAX/VMS V e r s i o n V4.5 111 1 1 1 1 1 1 1 1 1 1 1 5 













1 C ' I Y T V A A O O . F U R ' 
2 C I N T E R A C T I V E L A Ï U U T PRuGRAM 
3 C EUR M A » 0 AL. P O S I l l O M N G UP A n ï ' U Ü J E C T S ' 
4 C U ü H K S T A T I O N , D E P A R T M E N T S , Ü A Y S , H A L L S I N PL01 E T C . ) 
5 C USluÜ * LARGEST VOLUMES' Ü K L Y 
6 C 
7 C 
6 REAL X , Y , Z , P , X P U S , Z P O S , A N G L E 
9 J-JTEGER Ut>S 
10 C O K M O N / L C W S / X ( 7 7 ) , Y ( 7 7 ) , Z ( 7 7 ) , X P u S ( 7 7 ) , Z P O S ( 7 7 ) , A N G L E ( 7 7 ) , 
11 c. Eft A M E 
12 C H A R A C T E R M 2 F ttA¡1E( 77 ) 
13 DATA X, ï , Z / 2 3 1 * 9 9 9 . 0 / 
14 DATA X P O S , Z P G S / 1 5 4 * 9 9 9 . 0 / 
1b DATA A l . G b E / 7 7 » 0 . 0 / 
16 C A L L START 
17 C A L L W S V U L 
18 C A L L OPDISC( V E S D I L ' , 1U) 
19 EAC =DIU('FAC *) 
20 F O K X = L L H C ' F 0 R X *) 
21 FUR Y =D1.. i " " O H Ï * ) 
22 FRAX1 sfl 1 f, ( * E . *.X 1 ' ) 
23 F R A X 2 = D 1 M ' F « A A 2 ') 
24 F K A Y 1 = 0I.\(*FRAY1 ' J 
2b F R A ï 2 =DIi.C'FRAY2 ') 
26 P l C P L A s D l M 'P1CPLA') 
27 D l S T R C = D i ; U 'DISTNC *) 
2» ROTATN=D I ii C ' R O T ATN * ) 
29 ELEVTt-' = Dl fi ('ELEVr;-' ) 
30 ZUO'i = D I , - J('ZÜO« ') 
31 !ib\ =Dlr, ( 'i.L.X ' ) 
32 NLY s D l H f f . ' L Y * ) 
33 ."JLZ = H N t 'i'LZ * ) 
34 S P A C E =01 M ' S P A C E ') 
3b C A L L CLD1SCC'tfESDIM',10) 
3b C C A L L FACTOR C F AC) 
37 C A L L FOR.".AT(FCHX,FORY) 
3'a C A L L F R A h E l F R A X l , F R A X 2 , F R A Y 1,FhAY 2) 
3 9 C A L L H L A i . E ( P l C P L A ) 
40 C A L L P E Y E ( 0 . 0 , 0 . 0 , 0 . 0 , Ü 1 S T N C , R O T A T N , F L E V T N ) 
41 C A L L îlESH ( ¡1 LX , N L Y , '-.LZ , SPACE) 
42 C A L L UCLOSE 
43 C A L L O P D l S C l ' : < S V Ü L D ' , 1 0 ) 
44 N*S=1 
4b 5 HE ALK 10, 10,E.«U = 20) J , X ( J ) ,Y ( J ) , Z ( J ) , VU AME ( J ) ( 1:12) 
4b 10 F U R M A T ( 1 5 , 3 F Ö . 2 , A 1 2 ) 
47 N K S = N'..S + 1 
48 GOTO 5 
49 20 C A L L C L u I S C l ' W S V O L D ' , 1 0 ) 
SO 1 ; « S = N*S-1 
51 C A L L PRLSIKN'.-S) 
52 C A L L J U Y S T ( N * S , P [ C PL A , 0 I S l i>C ) 
53 C A L L F K . ' I S H 
54 S T ü P 
55 E D L ; 
56 C. . . 
57 ÜL'ÖROÜTI N E rtSVUL 
58 INTEGER A N S , r W S 
59 COf MOü/LCivS/X ( 7 7 ) , Y ( 7 7 ) , Z ( 7 7 ) , X P O S ( 7 7 ) ,ZPOS ( 77 ), ANGLE( 77) , 
bO 6FNA:<E 







i o o o o o o o o © 
öl K i T E G E H S E L E C T , H E S E L , ALPHA , GRAPHI 
6 2 CHAftACT Eh * 1 2 F N A H E 1 7 7 ) 
63 D A T A S E L E C T / " 4 0 0 3 3 / 
6 4 D A T A D E S E L / " 4 0 4 3 3 / 
6 5 D A T A A L P H A / " 3 0 / 
60 D A T A G R A P H l / " 3 5 / 
6 7 C 
6 6 C O U T P U T U F C U R R E N T D A T A F I L E 
69 C 
7 0 WR1TE16,10)ALPHA 
7 1 1 0 F O R M A T ( ' » ' , A 2 , 3 ) 
72 * R I T £ ( 6 , 1 0 ) S E L E C T 
7 3 W R I T E ( b , 2 0 ) 
7 4 2 0 F ü R M A T C F i l e o l e x i s t i n g *.OTK S t a t i o n Module v o l u m e s ' ) 
7 5 C A L L 0 P D 1 S C ( * « S V 0 L U ' , 1 0 ) 
7 6 30 CONTINUE 
77 K E A D ( 1 0 , 4 C , E r . D = 0 0 ) J , X ( J ) , Y ( J ) , ü l J ) , F N A t f £ ( J ) ( l : 1 2 ) 
7b 4 0 F D H ! - . A T ( l b , 3 F Ö . 2 , A 1 2 ) 
7 9 « ( U T E C t
J
- 5 0 ) J , X ( J . , i ( J ) , Z ( J J , F N A M E ( J ) ( l : i 2 ) 
8 0 5 0 FURKA 1 £ 15 , 3FB ,2 , 1 X , A 1 2) 
81 C P L E A S E fJUTE AbOVE W A S THE EXTRA SPACE ' l X ' D E L E T E D 
8 2 GOlLf 30 
8 3 bO C O N T Ü . U E 
8 4 C A L L C L D 1 S C ( * * S V 0 L D ' , 1 0 ) 
8 5 C 
8 6 c EXTF.fjD F I L E ? 
8 7 c 
8b i-,'RlTE(b,70) 
89 70 F O K K A T C Do y o u »ist: t o e x t e n o v u p o a t e t h e e x l s t l n g t i l e - Y E 
90 WR.lTt'l 6, 1 0 JUESEL 
91 * R I T t ; ( 6 , 1 0 ) G R A P l . l 
92 8 0 R E A U ( 5 , 8 5 ) A Ü S 
93 8 5 FORMAT ( A2 1 
9 4 I F ( AUS. EU. '*viU* . Ü R . Am S . E I ) . 'U ' ) G Ü 1 U 150 
95 I F ( A N S . E O . ' Y E ' . U R . A . ' . S . E U . '< 'JGOTO 1 0 0 
y6 » H I T E ( b , 9 0 ) 
9 7 90 FORMAT(* P l e o s e e n t e r y o u r r e s p o n s e a g a i n ' } 
9 6 GOTO wo 
99 1 0 0 CONT I C 1 U E 
1 0 0 '-RITE(o, 1 J 0) 
1 0 1 i 1 0 FURKATt * P L E A S E EN TER V.S Ho . , X , Y , Z , D I f. O F *S Ä N D TAG Ho O F 
1 0 2 ¿ , 1 0 E M U EXTENU1NG T Y P E 77*) 
1 0 3 1 2 0 COHT1NUE 
1 0 4 ! < E A 0 C 5 , 4 0 ) J , X ( J ) , Y ( J ) , Z ( J ) , F N A M E ( J ) ( l ; 1 2 ) 
1 0 5 I F ( J , N E . 7 7 ) G U T O 1 0 0 
1 0 6 c 
1 0 7 c OUTPUT L A T E S T DATA T Ü DISC ACD TERMINAL 
1 0 6 c 
1 0 9 - R I T E t 6 , 1 0 ) A L P H A 
1 1 0 * R l T E ( b , 1 0 ) S E L E C T 
1 1 1 fc!RITE(6,2U) 
1 1 2 C A L L O P D I S C l ' * S V O L D * , 1 0 ) 
1 1 3 1 3 0 CONTINUS 
1 1 4 00 1 4 0 0 = 1 , 7 6 
1 1 5 I F ( X U ) , E ü . 9 9 9 . 0 . A N t J . Y ( J ) . E O . 9 9 9 . 0 ) G 0 T O 140 
1 1 6 ^ R I T E ( 1 0
/
4 0 } J , X t J ) , Y { J ) , ^ l J ) , F U A n E ( J ) ( l : 1 2 ) 
1 1 7 V . R 1 T E ( 6 , 5 0 ) J , X ( J ) , Y ( J ) , Z ( J ) , F N A H E ( J ) ( 1 : 1 2 ) 
1 1 8 1 4 0 COtiTIHUE 
1 1 9 C A L L C L O I S C ( ' « S V O L D ' , 1 0 ) 
1 2 0 rtRITE(6,10)OESEL 
C 19. 















































l b 7 
163 
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* K l T K ( o , 10)GKAPI!I 
C O N l' INüE 
R E I T U R . : 
Eric 
SUbROÜTlf-E M E S ü (NLX , * L Y , S L Z , S P A C E ) 
REAL rt(inoO) 
C A L L CR) L 3 D ( A , N L X , .0, . 0, .0, . 0 , ELL) A T ( N L Y - 1 ) » 5P A C E , . 0 , S P A C E , . 0 , . 0 ) 
C A L L DRAWITlA) 
C A L L <;R1L30( A , U L Y , .0, .0, . 0 , F L O A T ( N L X - 1 ) » S P A C E , .0, .0, .O.SPACE, . 0 ) 
C A L L l)R Ali I T ( A ) 
C A L L G R 1 L 3 0 ( A , N L Z , .0, .0 , .0 , . 0 , F L Ü A T ( N L Y - 1 ) » S P A C E , . 0 , , 0 , . 0 , SP A C E ) 
C A L L DKA'AiT(A) 
C A L L G K l L 3 D ( A , N L l , .0, .0, .0, .0, .O.FLOAT ( NLZ- 1 ) » S P A C E , ,0, S P A C E , .0) 
C A L L LtPAi.iTCA ) 
C A L L GR1L3D( A,'.LX, .0, .0, .0. .0, .0 , F L U A T ( N L Z - 1 ) « S P A C E , S P A C E , . 0 , .0) 
C A L L U H A W T ( A ) 
C A L L G h l L 3 D C A , N L Z , . 0 , . u , . O . F L G A T I N L X - 1 ) » S P A C E , , 0 , . 0 , . 0 , . 0 , S P A C E ) 
C A L L URA.'.JTIÄ) 
HEI tJHi-
Ei.D 
T h I S I S A S u b R D U T l N E FÜR SHO-IDG THE PRESEN! S I T U A T I O N 
SUHHUUT1 ,.'E PRES I T ( N U S ) 
REAL . , C 5 0 O ) , r ( 2 0 O 0 ) , > J ( 2 O & O ) , l l 2 O O 0 ) , U l 2 O O O ) 
1»! EG FR I I A S 
CUH"ut-/bCwS/A l 77) , Y 177 ) , Z l 77) ,APOS(7 7 ) , Z P O S ( 7 7 ) , A N G L E ( 7 7 ) , 
•> F N A E 
I M E G E K SELECT , O E S E L , ALPHA,GRAPH1 
CriARACTFR» 1 2 FNAME(77) 
D A T A SELh.CT/"-»0O33/ 
DATA DESEL/"<*0433/ 
DATA A L P t l A / " 3 " / 
DATA GRAFii I / " 3 5 / 
P R1 f i l i N G TUE PHESErtT SITUATION OF LAYOUT DEVELOPMENT 
n R i T E l ü , 1 U ) 
FüR HAT (' L A i O i ' T - t t i e e x i s t i n u . S i t u a t i o n o t d e v e l o p n e n t * ) 
C A L L B E L L 
C A L L 0 P D 1 S C ( ' K E S D I k ' , l O ) 
DLX =t:ir: ( " P L A ' ) 
¡4L Y = DIM'-.LY ') 
f.bZ = ü i N ( ' R L Z *) 
SPACE s U l t i C ' S P A C E ') 
CALL CLD1SCI. 'MESDIM', 10) 
C A L L .-i.ESH ( fJLX , NLY , ULZ , SPACE ) 
CALL ü P D I S C l * W S P O S D * , 1 1 ) 
DO «3 0 K=l ,7b 
READ ( 1 1 , 60,Ei.'D = 7 0 ) J , X P O S ( . j ) , ZPOS ( J ) , A N'GLE ( J ) , FK A K E ( J ) ( 1 : 12) 
F O R M A T ( 1 5 , 3 F 1 U . 2 , A 1 2 ) 
C A L L boxIP,X(.I ) , Y ( J ) , z ( J ) ) 
X'rtÜRK = X H U S ( J ) 
Z * Ü H K = Z P O S ( J ) 
C A L L T U R N 3 D ( P , A N G L E U ) , 0 . 0 , 0 , 0 , 2 , R ) 
CALL HERSH(Fr.'A.^E( J ) ( l : 1 2 ) , 6 , 2 , b O . U , n ) 
C A L L T U A NSF(Q,T) 
CALL TURN 3DC1 , 2 7 0 . 0 , 0 . 0 , 0 . 0 , 1 ,D) 
C A L L J O I N ( R , U ) 
C A L L DRAW3D(0,1.0,XWURK,0.0,Z*UHK,1) 
20. 
181 b0 CÜNTH-'UE 
182 70 C A L L C L n i s C C ' A S P Ü Ü D ' , 1 1 ) 




186 C ' J G i S T * S U ü R O H I lUF. I S FQR MANIPULATION U P ANY o 187 C ' O l i J E C T ' 05i-'JG U H Ü E R 'N' (NUT VIA TAG KOS.!) 186 
189 
C 
190 C. . . 
191 
192 
SUfJHUUTlNli JUYST ( r J r t S , P l C P L A , L l S T ; . C ) 
REAL P ( 5 0 0 > , H l 2 0 0 0 ) , u ( 2 0 0 0 ) , T ( 2 0 0 0 ) , U ( 2 0 0 0 ) o 193 i-M'EGER TI.IS 194 
195 
CU*M0.\VLC/.S/A(77 1 , Y(77 ) , Z ( 7 7 ) , A P O S ( 77 ) , Z P f l S ( 77 ) 
&FI.A!'.E 
r-. 196 IijTEGr.it S E L E C I , U E S E L , ALPHA,GP.APHI 197 
19* 
CrtA«ACrt«*12 P''iAMEl77J 
DATA S E i . E C I / " . O u 3 3 / 




Ü A T A GRAP>ll/"35/ o 202 203 
204 
c CHARGE O E L A I Ü O T iü CUNSILER.EU 
wRITF,(6,'c5)ALP!!A o 205 200 
207 
35 F Ü R * A T ( ' * ' , A 2 , 5 ) 
'•»P.ITEC0,55)SELECT 
<A H1T E ( 6, 9 <i) o 208 90 EUiVMATl" Po you * i s n t o o e v e l o p e t h e l a y o u t - Y E 209 
210 
' A R I T Ü C o, ri'J ) DESEL 
^R1TE ( 0 , <J5 JGiiAPü . 
o 211 1 00 READ15, 1 1 i>)ANS 212 
213 
1 10 FORMAT(A2) 
I F ( AliS . E i - . ':«0* . C R . A l i s . Elj . *N ' J G O T ü 250 o 214 IF(AiiS.E'.;.'Y£'.OR.AriS.EO.'Y'JGUTO 150 215 120 F Ü R A T I * P i e a s e e n t e r y o u r r e s p o n s e a q a l n ' ) 
216 150 COf.TIN'UE 
o 
217 160 C A L L Ö E L L 
216 
219 
C A L L P L 1 1 ( 3 . 0 , - 5 . 0 , 3 ) 
W R 1 T E ( Ö , 1 7 0 ) 
220 170 FORMAT ( ' * T i l c r . :>or K s t a t i o n ? * ) 
221 READ ( 5 , + )<• 
222 1P(;..EO . O)GÜTO l'JO 
223 C A L L n U X ( P , X U ),Y ( f . ) , 2 ( K ) ) 
224 
225 
C A L L SCHEEN(1CHAR,X1,Y1) 
C A L L SCt*EEI. ( 1 C H » R , X 2 , Y2) 
226 C A L L H E A T A G 
227 
228 
C A L L B E L L 
C A L L O P O I S C ( ' l ' E S L I r t ' , 10) 




NLY =i» IM ( *ULi ') 
NLZ S D1."'(* H L Z ' ) 
SPACE =01 II ( 'SPACE ') 
233 
234 
C A L L CLL' 1 SC ( * MESt) I rt * , 10) 
C A L L MESH(r,LX,N L i 1 , NLZ, SPACE) 
235 ANGLE (1.) = A T A N 2 ( Y 2 - i 1 , X 2 - A 1 ) * 180 . 0/3. 14 1 59265 
236 
237 
XPUS(t;) = V 1 »LHSTiJC/PlCPLA 
ZPOSd!) = X l » C I S T u C / P I C P L A o 23b 00 180 i\ = 1,7D 239 
240 
C A L L i3UX(P,X(X) , Y (K.) , Z ( K ) ) 
X « O R K = XPUS(K) 
i o r N U ' ) 
O 
21. 
241 Z'r>URK = Z P O S t K ) 
242 IFCX-UKK.EG. 9 9 9 . 0 . A N D . Z * U R h . E Ü . 9 9 9 . 0 ) G Ü T Ü 180 
243 CALL T U R . O U ( P , A « G L E ( . K ) ,0.0,0.0,2,R) 
244 CALL H E R 5 H ( F N A H E ( K ) ( 1 : 1 2 1 , 6 , 2 , 6 0 . 0 , Q ) 
245 C A L L T R A K S P ( j , T ) 
24b CALL TUR r;3Dt 1,2 70. 0,0. 0,0.0, 1 ,U) 
247 CALL JÜI!.*tR,U) 
248 C A L L URAi.'3U('J, l . 0 , X-URK , 0 . 0 , ZV.DRK , 1 ) 
249 180 C O U T l i i U E 
250 G ü T Ü 160 
251 190 Cüi.Tlf.UE 
252 C A L L ÜPI>1SC('«'SPÜ5U* , 1 1 ) 
253 DU 200 R = 1,;6 
- 254 l F ( X P ü ü C K ) . E 0 . 9 9 9 . 0 . A f ; Ü . Z P U S ( K ) . E ü . 9 9 9 . 0 ) G C T G 200 
255 v « R l T E U 0 , 2 1 0 J r , XPOS CK) , Z P ü ü ( K ) , AI.'GLE ( K ) , Eti AHE t K ) ( 1 ¡ 1 2 ) 
256 21U F Ü R M A T ( 1 5 , 3 F 1 0 . 2 , A 1 2 ) 
257 200 CUMTli-'uE 
259 CAM. C L U Ü C t ' U S P U S Ü ' , 1 1 ) 
259 2 50 R E T U R ü 
260 Ehl> 
261 C. . . 
262 c. .. . 
263 c F I L E i ^ L E H ' l i T V A X O O . E i j K ' 
264 c 
11 
222222 2222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 : 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 MIDDLESEX POLYTECHNIC VAX tí 11/785 2222222222222222222222222'-
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ; 
BBbbBtlbb 0 O Ü 0 U C BBBBBBBB 11 
BBbBBBBb OOOOOC BBBBBBBB 11 
BB BB 00 CO BB BB 1111 
BÜ Bb 00 CO BB BB U l i 
Bi> BB uo CO BB BB 11 
BB BB 00 00 be" BB 11 
BBBbBBBb 00 CO bBBBBBBB 11 
tibBBBöBB 00 CO BBBBBBEb 11 
BB BB 00 CO BB BB 11 
lib BB 00 CO BB BB 11 
bü bB 0Ü CO BB BB 11 
BB BB 00 CO BB BB 11 
BböböBBtt OCOGOC BBBBbBBB n u n 
r-BbböbbD Ü O O Ü C C BBBBBBBB u i n i 
H I Y Y r n TT il 'A s s s s F F F F F I I I L E E E E E 
i Y Y r l» n s F I L F 
i Y Y T H 5 F 1 L E 
i Y T *l >" SUS FF FF 1 L E E E E 
i Y T '* '* H s F I L E 
i Y T' 'A * s F 1 L E 
m Y T W w SSSS F I I I L L L L L E E E E E 
J OUO BBBB 1 1 666 4 4 
J 0 0 B B 11 11 6 4 4 
J 0 0 B b 1 1 6 4 4 
J 0 0 BBbb 1 1 6666 44444 
J J 0 (1 B b 1 1 6 6 4 
J J 0 0 B B 1 1 6 6 4 
J J J 000 BBBB 111 111 666 4 
.1164) q u e u e d t o SÏSsPHIf.T on 9-HOV-l9b7 12:14 ey u s e r B0B1, U1C [RE5M0012,BOB 1 ) , u n d e r a c c o u n t t 
i p r i n t e r -LPAQ: on 9-NUV-1987 12:19 f r o m q u e u e LFAO. 
¡ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222222222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 . 
¡ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 D i g i t a l E q u i p m e n t C o r p o r a t i o n - VAX/VMS V e r s i o n V4.5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 : 










1 C PHUGR Ai' I N T E R A C T I V E LAYOU'J (I Y T* SF1 L E ) 
2 C I f r C U f t P O P A T I f r G * üRK STATION D E T A I L S ( W S F I L E ) 
3 C REA01NG FRÜM F I L E S "nSHAME* 
3 C D E T A I L E U WORK STATIOíJS ARE RECALLED VIA 
3 C ORDER i'<OS *W* ONLY ! (NUT VIA TAG NOS. í) 
3 C 
3 C 
4 REAL X , Y , Z , P , X P O S , Z P Ú S , A N G L E 
5 INTEGER :JwS 
6 C 0 H H O N / L C « S / X ( 7 7 ) , Y(77 ) , Z ( 7 7 ) , X P O S ( 7 7 ) , Z P U S ( 7 7 ) , ANGLEC 77) 
7 t, FLAUE 
8 CHARACTER*12 *SKAME 
9 C H A I ; A C T C R * 1 2 F i . A H E ( 7 7 ) 
10 DATA X , Y , Z / 2 3 1 * 9 9 9 . 0 / 
11 DATA XPOS,ZPU5/154*999.0/ 
12 DATA A N G L E / 7 7 » 0 . 0 / 
13 C A L L START 
14 C A L L « S V O L 
15 C A L L Ü P i < l S C ( ' K E S D I M ' , 1 0 ) 
16 FAC =DI pJ ( 'FAC ') 
17 FORX s D I R l ' F O H X ') 
16 FURY =UI«SC'FÜRY ' J 
19 FRAX1 =D1I-"L'FRAX1 ') 
20 FRAX2 = L'1N(,'FKAX2 ') 
21 FRAY 1 s D l i U 'FRA íl ') 
22 FRAY2 =D L'i C 'FRA Y 2 ') 
2 3 P I C P L A = D I D ( ' P I C P L A ' ) 
24 DISTNC = D1N( ' D I S T ' J C ' ) 
25 RüT A T N = L I N ( 'RÜTATÍJ ' ) 
2b E L E J T N s D I N C ' E L E V T N ' j 
27 ZOOM = OIÍ.(.*ZOOH ') 
2o NLX =D1.\'('NLX ') 
29 NLY = D 1 N ( ' N L Í '} 
30 NLZ =D1¡* C 'NLZ *) 
3*. SPACE s D I N Í ' S P A C E ') 
3-' C A L L C L D i S C ( ' K E S D l K ' , 1 0 ) 
33 C A L L F A C T O R ( F A C ) 
34 CALL FORMAT(FURA,FOHi) 
35 CAbL F RAME[FRAX1,FRAX2.FRAY 1,FRAY2) 
36 C A L L P L A N E ( P I C P L A ) 
37 C A L L P E Y E { 0 . 0 , 0 . O , 0 . U , D I S l » C , R O T A T K , E L E V T I J ) 
38 C A L L H E S H l . N L X , N L Y / t S ; L Z , S P A C E ) 
39 C A L L NCLOSE 
40 C A L L Ü P O I S C l " A S V O L O * , 10) 
41 K n S = 1 
42 5 READC10, !0,L'ND=2O)J,X(J) , Y ( J ) , Z ( J ) , P N A M E Í J ) 11:12) 
43 10 F 0RMAT115,3F8.2,A12) 
44 NWS=NWStl 
45 G Ñ T U 5 
4b 20 C A L L CLDISC(*WSVULD',10) 
47 Ht.S = K ^ S - l 
48 C A L L PRESIT(N'flS) 
49 C A L L JUYüT(l¡'«S,PlCPLA,DISTf.C) 
50 C A L L F I N I S H 
51 STOP 
52 END 
53 C. . . 
54 SUBROUTINE WSVOL 
55 1 Ü T E G E R ANS,DWS 





I ff TEGER S E L E C T f DESKL, A L F ' H A , G R A P H l 
OHARACTER* 12 Ft!A«E (771 
60 DATA S E L E C T / " 4 Ü 0 3 3 / 
¿ 1 
62 
DATA D E S E L / " 4 0 4 3 3 / 
DATA ALRHA/-30/ 
63 DATA G H A P H I / " 3 Ü / 
64 C 
65 C Ü U T P Ü T OF CUHHENT DATA F I L E 
*-\ 6o C 
\. • 67 «'KiTEto, 10)ALPHA 
6 Ö 10 FlJKKATC' + *,A2,S) 
Q 
b9 : * H l T E ( o , 1 0 J S E L E C T 
70 H R 1 T E ( 6 , 2 0 ) 
71 20 FORMAT(/// * F i l e o f e x i s t i n o * o r K S t a t i o n M o a u i e v o l u m e s ' / / ) 
O 72 W K M E (t>,35)* l t e m ' , * D i m X','Dim Y ' . ' D l i r , Y ' . ' T a q No' 73 
74 
3 5 FOKI-iAT ( Ab , 3A8 , A7/) 
CALL Ü P D 1 S C ( 't.SVOLD' , 10) 
75 30 CU*Tl;.UE 
7fc READ( 10,'tfJ,ENli = bO) J , X ( J ) , Y ( J ) , Z ( J ) , F N AME(J ) ( 1:12) 
77 4 0 FÜR >-i A1 ( 1 5 , 3F o . 2 , A 1 2 ) 
78 .•.RITE ( 6 , 50) J , X ( J ) , / ( J ) ,2C J ) , F N A C . E ( J ) ( 1 : 1 2 ) 
79 50 F U R A T ( 1 5 , 3 F S . 2 , 1 Ä , A 1 2 ) 
80 C P L E ASE DOTE A ; ) L " J E SAS T r i t EX'IRA SPACE * 1X 'DELET EL 




C A L L CLL'.) SC ( "* £, VUbO * , 1 0 ) 





EXTEtiD F I L E ? 
.>RlTE(t>,70) 
86 7 0 FORM AT( / ' Do y o u * i s n t o e x t e n a / u p d a t e t h e t i l e - Y E o r h o * / ) 
89 K R I T E ( 6 , 1 0 ) D E S E L 
90 V.RlTtUö , 1 0 ) G R A P d l 
91 80 R E AD(5,85)ANS 
92 85 FORMAT(A 2) 
93 1F(A'IS.E0. 'r.O ' . Ü K.ANS.EO. 'N'IGOTU 150 
94 
95 C 
1F( ANS.E>'J. * i E * . O H . A R S . E U . * i ' J G O ' I O 100 
9ö C ERROR MESSAGE 
c • 97 
98 
c 
W K l T E ( b , 9 0 ) 
99 90 FORMATl' P l e a s e e n t e r y o u r r e s p o n s e a g a i n ! o s e C A P I T A L S 1') 
100 GOIO 80 






. i E * Ei-TR Y IS * RITTER 
105 i R l T E ( 6 , 1 1 0 ) 
1 0 6 
107 
110 FORMAT i ' P l e a s e e n t e r Iten. f<o. Dirn o f i»,S. X,Y,Z, and TAG No 
i....TO END EXTENÜIfiü TYPE 77') 




H E A D ( 5 , 4 0 ) J , A ( J ) , Y ( J ) , Z ( J ) , F N A M E ( J ) ( 1 : 1 2 ) 
I F ( J . N E . 7 7 ) G 0 1 0 100 
- 112 c UIJTPUT L A T E S T DATA TO D1SC AI.D TERMINAL 113 c 
114 W R I T E ( 6 , 1 0 ) A L P H A 
115 
116 
» R I T E ( ö , 1 0 ) S E L E C T 














































































C A L L U P U1SC(**5VOLO',10) 
C O M Ii;(iE 
00 1-10 J s l ,7b 
I E ( X ( J ) , E ü . 9 9 9 . 0 . A M D , Y ( J ) . E U . 9 9 9 . O J G O T Ü 140 
W K I T E C 1 0 , 4 0 ) J , X ( J ) , Y ( J ) , Z ( J ) , F N A K E ( J ) U : 1 2 ) 
i . H n E ( 6 , 5 ü ) J , X ( J ) , Y ( J ) , Z ( J ) , F N A * E ( J ) ( l : 1 2 ) 
COUTINUE 
CALL C L D 1 S C ( ' * S V 0 L D * , 1 Q ) 
i * R I T E C 6 , 1 0 ) D E K E L 
WRITE16,10)GRAPRI 
C O N T I N U E 
R E T U R N 
END 
S Ü B R O U T l d E M L S H ( N L A , N L Y , D L Z , G P A C E ) 
REAL A ( 1 0 0 0 ) 
C A L L GK1L3DCA , N L X , .0, .0, .0, . 0 , ELG AT (ti L Y - 1 ) *5P ACE , .0,5 P A C E , .0, ,0) 
C A L L D h A r l l T ( r i ) 
C A L L GR IL3D ( A , I.LY , . 0 ,. 0,. 0 ,ELOAT CNLX-1) » S P A C E , . 0 , ,0, ,0 , S P A C E , .0) 
C A L L P i ' A r f i r m 
C A L L G H 1 L 3 D ( A . Ü L Z , . 0 , . 0 , . 0 , . 0 , E L U A T ( U L Y - 1 ) » S P A C E , . 0 , , 0 , . 0 , S P A C E > 
C A L L DRAWlT C A ) 
C A L L G h I L 3 D I A . N L Y , . 0 , . 0 , . 0 , . 0 , . 0 , F L O A T ( N L Z - 1 ) » S P A C E , . 0 , S P A C E , . 0 ) 
C A L L D H A * I T ( A ) 
C A L L G R 1 L 3 D t A , N L X , . 0 , . 0 , . 0 , . 0 , . 0 , K L O A T ( N L Z - 1 ) » S P A C E , S P A C E , . 0 , , 0 ) 
C A L L D K A n l T ( A ) 
CALL G R I L 3 D ( A , N L Z , . 0 , . 0 , . 0 , E L O A T ( U L X - 1 ) * S P A C E , . 0 , . 0 , . 0 , , 0 , S P A C E ) 
C A L L DRAi-ilT CA ) 
RETURf«' 
END 
TH1S IS A S U Ö R 0 U T 1 N E FOR SHU.VlNC THE PRESEN'! SITUATION 
SUbHOUTIt-'E PRES I T ( N K S ) 
REAL P ( 5 0 0 ) , R ( 2 u O O ) , 0 ( 2 0 0 0 ) , T C 2 0 0 U ) , U 1 2 0 0 0 } , V ( 7 0 0 0 ) 
l l i T E G E R D'*S 
C U H * Ü N / L C * S / X ( 7 7 ) , Y ( 7 7 ) , Z ( 7 7 ) , X P U S ( 7 7 ) ,ZPOS l 77 ), A t * G L E ( 77) , 
fcFt.AK-E 
1DTEGER S E L E C 1 , D E S E L , ALPHA,GRAPHI 
O l A R A C T E R » 1 2 FNAMEt 77) 
CH AR ACTER* 12 »' S N A M E 
DATA S E L E C T / - 4 0 0 3 3 / 
DATA U E S E L / " 4 0 4 3 3 / 
DATA ALPHA/"30Z 
DATA GHAPHI/-35/ 
PRINTIf.G THE PRESEN'! S I T U A T I O N OF LAYUUT DEVELOPMENT 
WHITE ( 6 , 5 ) A L P H A 
FORMATC *+ *,A2,S) 
ü R I I E (t> , 5 ) S E L E C T 
R1T E ( b, 10) 
FuRMAT(* L A Y O U I - t h e e x i s t l n g S i t u a t i o n o t d e v e l o p n e n t ' / / / / ) 
V.R1TE U , 5 ) D E S E L 
A H I T E 16,5)GHAPHI 
C A L L L'ELL 
C A L L U P D I S C C ' H E S D I r t ' , 1 0 ) 
NLX =DlN('rJLX ') 
ULY =DIN(*NLY ') 
G 26. c 177 » L Z =DIN('NLZ ') 17R 
179 
SPACE s D I N C S P A C E ') 
C A L L C L D I S C ( ' N E S D l M ' , 1 0 ) o 160 C A L L ME5H(NLX,RLY,NL2,SPACE) 181 
182 
C A L L O P D l S C ( ' w S P U S D ' , l l ) 
OD 80 rv= 1 , 7 b 
c 
163 READ(11 ,oO,EHL = 7 0 ) J , X P Ü S ( J ) , Z P Ü 5 ( J ) , ANGLE ( J ) , F M A f E ( J ) (1 ¡ 1 2 ) 
184 
185 
60 F O R M A T ( 1 5 , 3 F 1 0 . 2 , A 1 2 ) 
CAL L H O X ( P , X ( J ) , Y ( J ) , Z ( J ) ) o 186 XWORK = X P Ü S t J ) 167 
188 
ZrtÜKK = Z P U S t J ) 
1 F (X*OftK.EQ.999.0.AND.ZrtORK,ED.999.0)GOTO 8 0 
I—> 189 C A L L T U H N 3 O ( P , A r ; G L E ( J ) , 0 . 0 , l . O , 2 , R ) w 19Ü 
191 
WSr-AME = FfJA''E(J) 
C A L L H E R S H ( F n A M E C J ) ( 1 : 1 2 ) , 6 , 2 , 6 0 . 0 , 0 ) c 192 C A L L TRAR5P(Q,T ) 193 
194 
C A L L TURf.'3D(T, 2 7 0 . 0 , 0 . 0 , 0 . 0 , 1 ,U) 
C A L L J U i " 0 ; , l i ) 
195 C 
196 c D E T A I L SHAPE Gr THE «ORK S l A T l U N IS RETR1E V ED 




C A L L I L 3 I » ( V , . ; S I : A H E ) 
C A L L J O I J . ( U , W ) 
O 201 C A L L DRAW3IH V , 1.0,X*0HK,0 . 0,Z*ORK,1) 202 80 CONTJNUE 
203 70 C A L L C L D l S C t ' W S P O S D ' , 1 1 ) o 204 R E T Ü R N 205 
20 6 C. .. 
END c 207 208 
209 
C. . . 
SDI'.ROUTINE J O Y S T C R W S . P I C P L A . D I S I K C ) c 210 REAL P ( 5 0 0 ) , Ii ( 2 0 0 0 ) , 0 ( 2 0 0 0 ) , 7 ( 2 0 0 0 ) , U ( 2 0 0 0 ) , V ( 7 0 0 0 ) 211 
212 
INTEGER ADS, N*S 
COWKUN/LC»"S / X (7 7 ) , Y (77 ) , Z ( 7 7 ) , X P O S ( 7 7 ) , 2 P 0 5 ( 7 7 ) , A h G L E ( 7 7 ) , 
G 213 SiFTi AME 214 
215 
INTEGER S E L E C T , D E S E L , ALPHA,GRAPhI 
CHAKACT ER*12 F N A M F (7 7 ) 
<*"% 
216 CHARACTER »12 » S N A M E 
217 
2 18 
DATA S E L E C T / " 4 0 0 3 3 / 
DATA D E S E L / M Q 4 33/ 
219 LATA A L P H A / " 3 Ü / 
220 
221 
DATA G R A P l l I / n 3 5 / 
_ 222 C CHANGE OF LAYOUT IS C0NS1DERED 
223 * R 1 T E ( 6 , 8 5 ) A L P H A 
224 85 FURMAT('+',A2,S) 
225 W R 1 T E ( 6 , 8 5 ) S E L £ C T 
226 - R I T E ( 6 , 9 0 ) 
227 90 FORMAT(* Do y o u * i s h t o d e v e l o p e t n e i a y o u t - Y t o r NO') 
228 hRI TE (t>, 85) DESEL 
229 W K I T E ( 6 , Ö 5 ) G R A P H 1 
230 100 READ ( 5 , H O ) ANS 
231 110 FORHAT(A2) 
232 
233 
I F l A H ü . F . ü . ' N O ' . U R . A N S . E O . ' N ' ) G U T O 250 
I F I A N S . E Ü . ' Y E ' . O R . A N S . E ü . 'Y')GOTU 150 
234 120 FORHAT(* P i e a s e e n t e r y o u r r e s p o n s e a g a i n ' ) 
235 150 C Ü K T J H U E 
236 160 C A L L B E L L o 
27. 
O 




237 CAL L P L I T C 3 . 0,-5.0,3) 
238 i i H l T E ( ö , l 7 0 ) 
239 170 F ü K M A T C * i . n i c h - o r K S t a t i o n ? ' ) 
240 KEA0C5, • ) ( J 
241 I F t N .EO.OJGOTG lyö 
242 CAL L D Ü A < P , X ( M , / C K ) , 2 l f O ) 
243 C A L L S CKtEUC1CHAR,X1,Y1) 
244 CAL L S C H F E N ( I C H A R , X 2 , Y 2 ) 
245 C A L L NE'« PAG 
246 C A L L BF L i . 
247 C A L L O P U l S C C " M E S D I K " , 1 0 ) 
248 liLX =I»I(*C'HLX ') 
249 N L i = D 1 M 'ULY *) 
250 JJLZ SDUH'ÜLI ') 
251 SPACE =DJNC'SPACE ') 
252 CAL L CLOISCC V E S D I M ' , 10) 
253 C A L L « E G H C M L X , N L Y , N L Z , S P A C E ) 
254 A N G L E I M = A T A N 2 C Y 2 - Y l , A 2 - X l ) * l b O . 0 / 3 . 1 4 1 5 9 2 6 5 
255 XPUSCn) = Y 1 » D I Ö T N C / P 1 C P L A 
2 5b ZPUSC-O = A l + U l S T N C / P J C F L A 
257 Uü 180 K = l , 7 o 
258 CAL L U O A C P , A C K ) , Y ( E j , Z C R ) ) 
259 Av-Ur-r! = X P 0 S C M 
260 Z*ORK = Z P Ü S ( K ) 
261 IFCXv'URK , t C . 9 9 9 . 0. ANU. ZWOP.K .Eu.999.0)GOTO 180 
2b2 C A L L TDK i: 3 L C P , A N G L E ( E ) ,0.0, 0.0,2, H) 
263 WSN A ME = FN A J-'E ( M 
264 CALL HEHSHCF.NA.1E (f\ ) ( 1 : 12) ,b,2 ,6Ü.0,t,) 
265 CALL TRANÜP(fJ,T) 
266 C A L L T U PN3UC7,270.0,0.0,0.0, 1 ,0) 
267 CAL L J ü l N ( P , U ) 
2bB C 
269 C D E T A I L öriAPE CK TUE -OHR STATION IS RETR1EVED 
270 c FROR- i 01SK 
271 c 
272 CALL 1N3DCV, •.SNA-'.E) 
273 CAL.L J O i ; U U , V) 
274 CAL L DKAW3D{V, 1 . 0 , X«T.'RK , 0 . 0 , Z-ORK , 1 ) 
275 180 C O M INOE 
276 GOTU 100 
277 190 C O M I N Ü E 
278 CAL L D P D I S C C * * S P Ü S U ' , 1 0 ) 
279 OÜ 200 K = 1,7ö 
280 I F ( X P U S ( K ) . E G . 9 9 9 . 0 . A R D . Z F O S C K ) . E U . 9 9 9 . 0 ) G O T O 200 
281 WHITE( 1 0 , 2 1 0 ) K , X P 0 S C K ) ,ZPDSCK) , A n G L E C M ,FNAr*E(K)( 
282 210 FORMATC15,3F10.2,A12) 
283 200 COWT1N0E 
284 CAL L CLDISCC "-SPUSO*,10) 
285 250 RETORN 
286 Ei( D 
2S7 C. .. 
288 C. . .. 
259 c F I L E uf.'DEk ' l Y T ^ S F l L E * 
3 3 3 3 3 3 3 3 333333 3 3333333 333 333 3333333 33 33 33333333 33333 3333333 333 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 333333-
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 MIDDLESEX POLYTECHNIC VAXB 11/785 333 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 J 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
bBBbbUbH 0OO00C BBBBBBBB 11 
BBGBbBBB oooooo BBBBBBBB 11 
Bb BB uo CO BB BB m i 
bb B H 00 CO Bb BB m i 
Bü bh 00 CO BB BB n 
B H Bb 00 CO KB BB n 
BkiBBbbtib 00 en BBBBBBBB n 
btjbbBB B B 00 CO BBBbbbBB u 
bb B P 00 CO BB BB u 
il U BD uo CO bB BB u 
Bb liH oo CO BB BB u 
bB bb 00 cu BB BB 11 
bbBbbbbtl 0Ü00ÜC BBBBBBBB m i n 
DotibbbBt) ooouoc BBBbBBBb i n n i 
pppp UUU SSSS CCCC L AAA S S S S H H 55555 
p p O O S c L A A S H h 5 
p p U 0 s c L A A S H H 555 
pppt U u sss c L A A SSS HHHHh 5 
p 0 0 S C L AAAAA S h H 5 
p 0 ú S C L A A 5 H H 5 5 
p UUU SSSS CCCC L L L L L A A SSSS H H 555 
J 000 BBBB 1 1 6 6 6 5 5 5 5 5 
J O O b B 11 11 6 5 
J O O b B 1 1 b 555 
J Û Ü BbBB 1 1 6 6 6 6 5 
j J 0 0 8 B 1 1 6 6 5 
j J O O B B 1 1 6 b 5 5 
j j j ùoo Baab U l 111 6 6 6 555 
C1165J q u e u e d t o S i S S P K I ñ T on 9-í»OV-i987 12: 15 by u s e r B 0 B 1 , UIC í R E S H 0 0 1 2 , B 0 B 1 J , u n d e r a c c o u n t 
i p r i n t e r _ L P A u : on 9 - H 0 V - 1 9 Ö 7 12:20 f r o m q u e u e L F A u . 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 J 3 3 3 3 3 3 3 3 D i g i t a l E q u i p m e n t C o r p o r a t i o n - VAX/VMS V e r s i o n V4.5 3 3 3 3 3 3 3 3333333 33 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 î 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
C " P Ü S C L A S H b . F O R " PRUGRAM 15 AN 1RTH ACT I VE PROGHAh 
C F Ü R AUTOHATIC P O S I T I O H I B G UF A L1ME OR A GROUP CP 
C « O R K STATION MITHIN BUILDING ( C I V I L ENG,SPACE) 
C IHCLUU1NC- COLL1SIUN COURSE FIND1NG WITH 
C Ü b J E C T S (*ALLS,COLUPKS E T C ) WITHIN BUILDING 
C AND F A C I L I T Y TU ENTER READ i tJUILT LAYOUT AT AMY hCRK STATION 





C TUE "M P E E L " PROGRAM RESUL'lS (ÜR DH.C, SYSTEM) ARE INTRODDCED 
C AND « , S . IN A N PRODUCTION L I N E ORDER VIA "WSVTOTC" 




C G E U E R A L L Y : l A M SGL, VING A TASK OF AIITUMATIC P O S I U O M N G 
C UF G R O U P U F r*üKK S T A T I O N (l-iAX. NU.'lBER OF W.S. IS 7 7 ! ) , 
C 
C 
C. . . 
C P R U G R A M I M E R A C T I V L Ü A Y O U T ( I N T L A Y ) 
I N T E G E R I.'AS 
C ' j M M U f . / L C . % 5 / X ( 7 7 ) , Y ( 7 7 ) , ? , ( 7 7 ) , X P U S ( 7 7 ) , Z P U S ( 7 7 ) , A N G L E ( 7 7 ) , 
S F N A K E ( 7 7 ) 
CHARrtC'lER + 12 f DAME 
C H A R A C ' I E R + 12 * S N A M E 
I N T E G E R SELEC1 , D E S E L , A L P H A , G n A P H l 
('ATA X , Y , Z / 2 3 1 * 9 9 9 , 0 / 
D A T A A F 0 S , Z P Ü S / ) 5 4 * 9 * 9 . 0 / 
D A T A A N G L E / 7 7 * U . 0 / 
D A T A S E L £ C T / " 4 U < ) 3 3 / 
U A T A i ) E : ; E L / N 4 0 - 1 3 i / 
D A T A A L P H A / " 3 0 / 
D A T A G R A P H I / - J 5 / 
CA L L START 
C A L L rfSVUL 
C A L L Q P D I S C C ' M E S D 1 K ' , 1 0 ) 
F A C = D 1 N ( ' F A C * ) 
F O R A =DI!i( ' E C J R X * ) 
F Ü R Y = DIu ( 'FOriY *) 
FR A X 1 = D i : U ' F R A X l *) 
FRAX2 =D1N('FRAX2 *) 
FRAY1 = D I H ( ' F H A U ') 
FRAY2 = D I N ( * F R A Y 2 ') 
P i C P L A = U l ! M ( ' P I C P L A * ) 
D1STI.C=D1N( ' D 1 S T N C ) 
ROTATN = D I I - ( 'ROTATN' ) 
E L E V T I J = DI N ( ' E L E V T N ' ) 
Z O O M =D1,'J ( ' Z O O M ' ) 
,'JLX =DI!U 'NLX ' ) 
ULY =DlN('f,'LY ') 
N L Z = U I N ( * N L Z * ) 
S P A C E =D1.J('SPACE ') 
C A L L C L D I S C ( ' M E S D I M ' , 1 0 ) 
C C A L L F A C T O P C F A C ) 
C A L L F U R M A T ( F C ! R X , F Ü R Y ) 
C A L L F R A H E ( F R A X 1 , P R A X 2 , F R A Y 1 , F R A Y 2 ) 
3 c \ 
O 
61 C A L L PLAWE(P I C P L A ) 
62 C A L L P E * E ( 0 . 0 , 0.0 , 0 .0 , D I ST. M C , H U T A T N , E L E V T N ) 
63 C A L L f'.ESH U.'LX , NLV , NLZ, S P A C E ) 
64 C A L L 0 P D I 5 C ( ' " S V 0 L D ' , 1 0 ) 
b5 ü b S = l 
66 5 READ ( 1 0 , 10,ENU=20) J , X ( J ) , V ( J ) , Z ( J ) , FH A ME ( J ) ( 1 : 1 2 ) 
67 10 F Ü R * * A T ( I 5 , 3 F 8 . 2 , A 1 2 ) 
68 NwS=N'.iS* 1 
69 G O T O 5 
70 20 C A L L C L D 1 3 C C ' Ä S V U L D ' , 1 0 ) 
71 KW5s:v.-.S-l 
72 C A L L PRES1T (r)i*S) 
73 40 C n u i i N o E 
74 ttRlTE(ti,50)ALPHA 
7b 50 rGRR.AT(*t',A2,S) 
76 W R I T E ( 6 , 5 G ) S E L E C T 
77 t. f t I T E ( 6 , 7 0 ) 
78 70 FORMAT (* Do y o u *an t t o c o n t i n u e / c n a n g e t h e l a y o u t . . . 
79 i.m o r nn ? ') 
80 « H I T K I D , 5 0 ) D E S E L 
81 w H l T E ( o , 5 0 ) G R A P H I 
82 R E A ü ( 5 , B 5 ) A i ; S 
83 85 FOI<"l.*T(A2) 
84 1 E ( * I ; S . E U . ' N U ' . Ü R . ANS.ED. * U * ) G ü T u 2900 
85 IE ( A.VÜ . EO . " i E ' . OR , A''iS . E D . ' i ' ) G G T O 100 
86 » R l T E ( o , 5 Ü ) A L P Ü A 
87 : . ; K I T E ( 6 , 5 0 ) S E L E C T 
88 * H I T K ( o , 9 U ) 
89 90 K O R M AT ( ' P l e u s e e n t e r y o u r r e s p o n s e a g a l t i - use C A P I T A L S ' ) 
90 <;RITE(6,50)DESEL 
91 j*RiTE(o,5U)CRAPIII 
92 G ü T H 4 0 
93 100 C U M ' I N DE 
94 c 
95 C A L L P O S I T ( P I C P L A , D I S T N C ) 
96 2900 C0NT1MIE 
97 C A L L N C L Ü S E 
98 C A L L F 1 Ü 1 S H 
99 S T O P 
100 END 
101 C 




106 SUbROUTINE WSVUL 
107 XfiTEGER A N S , N * S 
108 O J M M L ] ; i / L C * S / X ( 7 7 ) , Y ( 7 7 ) , Z ( 7 7 ) , X P Ü S ( 7 7 ) , Z P O £ ( 7 7 ) , A N G L E ( 7 7 ) , 
109 *.ENAME( 77) 
110 ITJ'l EGER S E L E C T ,DESEL, ALPHA,GRAPH1 
1 1 1 C H ARACTEHM2 FNArfE 
112 D A T A S E L E C T / " 4 0 O 3 3 / 
113 DATA D E S E L / " 4 0 4 3 3 / 
114 DATA ALP![A/"30/ 
115 DATA GRAPHI/-35/ 
116 c 
117 c O U T P U T OF CURRENT DATA F I L E 
118 c 
119 * RIT E ( b , 1 0 ) A L P H A 
120 10 FORPAT(*+',A2,S) 
121 - R l T F . l u , I D j S E L E C T 
K- 122 *' R 1 T E t 6 , 2 o) 
123 20 KOKK A T l ' E i l e o f e x i s t i n u *or)c S t a t i o n H o o u l e v c l u m e s * ) 
124 C A L L OPDiSCC ' ^ S V Ü L D * , 10) 
' - 125 30 CONTINUS 
126 H EAOUO,4 0,Emi = bO) J , X ( J ) , Y ( J ) , Z W ) (FNAME( J ) [ 1 : 1 2 ) 
•— 127 40 Führt A T l 1 5 , i F 8 . 2 , A 1 2 ) 
12b C K R I T E ( 0 , 1 0 ) A L P H A 
129 c h H l T E l b , 1 0 ) S E L E C T 
1 30 .'HlTECb, 5u) J , X ( J ) , i 10) ,Zi J ) ,FNAMEtJ) ( 1 : 12) 
131 50 F U R M A 7 ( 1 5 , 3 F Ö . 2 , 1 X , A I 2) 
132 C W R I T E ( 6 , 1 0 ) D E S E L 
133 c t.HI'iE(b,10)GRAPHI 
131 c P I J E A S E N U 1 E A P O U E «AS THE EXTRA SPACE M X ' D E L E I E C 
135 G ü T U 30 
136 00 COi'.T lüillL 
137 CALL CLD1SC ( * * S V U L Ü ' , 10) 
138 c 
139 c E X T E R D EILE? 
140 c 
141 c C A L L i5ELL 
142 c ü R I T E (", 1 0 ) ALPHA 
143 c •iRITE C 0 , 1 (i) S E L E C T 
144 '.-.'RlTf;il>,7lO 
145 70 F O R M A T ( ' Do Y O U w i s h t o e x t e nd / u a t e t u e e x i s t i n g f i l e . . . o 146 &YE o r Du") 147 V'HITHL, 1D)DESEL 
146 /VRlTECb, 10)GRAPriI o 149 80 R E A D ( 5 , 8 5 ) A i J S 150 öS P O R i-i A T ( A 2 J 
151 i E { Ar:S . E l i . ' h i j ' .0» . AiJft. E U . *W ) G U T Ü 150 
152 I F C A N . ' J . E U . * Y E * . O R . A N 3 . E u . *Y*)ijU'10 100 
153 c » H i T E l b,10)ALPHA 
154 c f R i T E ( 6 , 1 0 1 S E L E C T 
155 U K i T E ( ö , 9 0 ) 
156 90 FÜR Ii A T C' P l e a s e e n t e r y o u r r e s p o n s e a y a i n * ) 
157 c •.-.HITE(0,10)DEüEL 
158 c •.,RlTEt£i,10)GRAPHI 
159 G Ü I O 80 
160 100 CONTIhUE 
161 WHITEC6,110) 
162 110 FüRrtATl" PLEA.SE Ell'IER WS M o. , X , Y , Z , D1K O F *S A N D T A G Ho O F 
163 i.TÜ END EATENDIMG TYPE 77") 
164 120 COMT1NUE 
165 READ (.5, HO ) J , A (ü) , i i. J ) , Z U ) ,ENAME(.I) ( 1 : 1 2) 
166 I F t J . i i E . 7 7 ) « O T ü 100 
167 C 
168 c OUTPUT L A T E S T DATA TO D1SC AND 1 E R M N A L 
169 c 
*— 170 U R l T E C b , 1 Ü ) A L P H A 
171 " R I T E C b , 1 0 J S E L E C T 
172 i H l T E ( . 6 , 2 0 ) 
—' 173 C A L L U P D 1 S C ( ' f t S V Ü L D ' , 1 0 ) 
174 130 C U K T l t l U E 
175 DU 140 J = l , 7 b 
176 I F ( X ( J ) . E G , 9 9 9 . 0 . A N D . Y ( o ) . F . O , 9 9 9 . 0 ) G Ü T U 140 
177 * K l T E U C , 4 0 ) J , X ( J ) , Y ( J ) , Z ( J ) , F N A * E C J ) ( i ; 1 2 ) o 178 W H I T E ( 6 , 5 0 ) J , X ( J ) , Y ( J ) , Z t J ) , F N A « E { J ) t 1 : 1 2 ) 179 140 CUNT1NUE 










































































V » R i T E ( 6 , 1 0 ) O E; S EL 
» R l T E ( o , l O G R A P H i 
C u r . T I N U E 
K E T O K : ; 
EN" Li 
SUbRUUTINE M E S H ( N L X , N L Y , N L Z , S P A C E ) 
REAL AC1000) 
CALL G R 1 L 3 D ( A , . \ L X , . 0 , , 0 , . U , . 0 , F L O A T ( N L Y - 1 ) » S P A C F - , ,0 » S P A C E , .0 , . 0) 
C A L L D R A * I T ( A ) 
C A L L O R I L 3 D ( A , N L Y , . 0 , . 0 , . 0 , E L Ü AT ( ( C L X - 1 ) » S P A C E , ,0, .0, .0, S P A C E , .0) 
C A L L M R A « 1 T ( A J 
C A L L G R 1 L 3 D ( A , N L Z , . 0 , . 0 , . 0 , . 0 , F L ü A T ( N L Y - 1 J » S P A C E , , 0 , . 0 , . 0 , S P A C E ) 
C A L L D H A * I T ( A ) 
C A L L GHIL3D t A , " L Y , .0, .0, .0, .0, . 0 , K L O AT ( r J L Z - l ) * S P A C E , .0, S P A C E , .0) 
C A L L DR A't 1 T ( A ) 
C A L L GRJ L 3 D ( A , N L X , . 0 , .0, .0, .0, . 0 , KLO A T C f'LZ-1 ) » S P A C E , S P A C E , . U , .0) 
C A L L D )'< A \: I T ( A ) 
C A L L GRJL31: ( A , N L Z , , O , . O , . O , F L ü A I ( N L X - l ) » S P A C E , . 0 , . O , . C , . Ü , S P A C E ) 
C A L L DKA'il'l IAJ 
KE'l'liR N 
FDD 
S U b k O U T l i i E P R E S I T (NfcÜ) 
T H i S IS A S O b K G U T l i . E EUR S L O M N G InE P H E S E M SITUATION 
REAL P I 50u) , R ( 2 0 0 0 ) ,U(2UUO J , T C 20 00) , U ( 2 0 0 0 ) 
REAL C E S P A C ( 1 0 O O O ) 
INTEGER N'.S 
OiI-iKO.N/LC^S/A ( 7 7 ) , Ï ( 77 ) , ¿ ( 7 7 ) ,XPOS(77) , 2 P G S ( 7 7 ) , A N G L F ( 7 7 ) , 
fcF N A M E ( 7 7 ) 
1 D I EG E S SELEC'I , DESEL , ALP b A , GR A P H I 
CiiARACTER») 2 F "J A H E 
D A T A 3 E L E C T / " 4 0 0 3 3 / 
DATA D E S E L / " 4 0 4 3 3 / 
DATA ALPHA/"^u/ 
DATA GKAPli l / " 3 5 / 
P R 1 N T I I : G T M E PRESEN"! SlTUATlü!* OF LAYOUT DEVELOPMENT 
« R l T E C b , 1 0 ) A L P H A 
F0RMAT(*+',A2,S) 
W R I T E C b , 1 0 ) S E L E C T 
/.RITE (0,20) 
F O R M A T C L A Y C U T . . . ï h e e x i s t l n y s i t u a t i o n o f d e v e l c p m e n t ' ) 
i-.'RlTECo, 1 0 ) D E S E L 
>JHIIE(6,10)GRAPHI 
C A L L 13 E L L 
C A L L OPD1 SC ( *i".E3Dlh * , 10) 
NLX =D I n ( * Ii L A * ) 
ULY =Dli;('!ILY ') 
l.LZ =D1N('NLZ ') 
SPACE =1HN( 'SPACE ') 
CALL C L H I S C ( ' i < E S D l M ' , 1 0 ) 
CALL MESri (IJLX, DL ï ,M.Z, S P A C E ) 
L>U J L D I Ü G IS CALLED IN 
CALL IN3D ( C E S P A C , ' C I V 1 L D ' ) 
C A L L DKA-'I'I ( C E S P A C j 
3 ł . 






G 247 248 
249 
O 250 251 
252 











265 C. . . 


























o 292 293 
294 
o 295 296 c 
297 c 
c 298 299 15 
300 10 
CALL UPDlSCC't>3VTOR',12) 
kEADC 1 2 , 6 O , E N U = 5 0 ) J , A ( J ) , Y ( J ) , Z C J ) , FN AME { J J ( 1 : 1 2 ) 
CALL U P D I S C ( % Ü P U S A ' , 1 1 ) 
R E A D ( i 1 ,bO,ENL'=9 0 J J , X P Ü S ( J ) , Z P G S ( J ) , A N G L E ( J ) , F N A r t E ( J ) ( 1 : 1 2 ) 
F O R M A T ( I 5 , 3 F 6 . 2 , A 1 2 ) 
CA L L L * O A ( P , A I J ) , Y ( J ) , Z ( J ) ) 
X w ü H K - A P O S ( J ) 
2 W O R K = Z P O S ( J ) 
CALL n E R 5 H t F N A r - i E C ' J ) { l : 1 2 ) , b , 2 , b 0 . 0 , ü ) 
CALL T R A N S P ( U , I ) 
CALL TURN3L'CT , 2 7 0 . 0 , 0 . 0 , 0 . 0 , 1 , U) 
CALL J D I M P , U ) 
CALL T O k N ' J D ( U , A N G L E ( J ) ,0.0,0.0,2,R) 
CAL L SMIFT3 CR , XrfORK , 0.0 , i>'URK ) 
CAL L L-RAWlT CR) 
CAL L DHA'.OD CO , 1 . 0 ,XWORK ,0 .0 , ZtfUR.iv, 1 ) 
GOTO .»0 
CUNTIi.UE 
CALL C I . D I S C ( ' w S P U Ö A ' , 1 1 ) 
CAL L C L L ' l S C ( ' * ; ; ' J T r j R ' , i 2 J 
R E T U RR' 
E N D 
SUbRUUT)NE P Ü S I T ( P I C P L A , D I S T * C ) 
T M S IS A ÜUliROUTINE FOR E M I R E PüS'ITIUMftG UF '*.S. 
IL'CLOOlHG ÜUbROUTIf.E J Ü Y 2 (FOR MANUAL PO S I T I O N ÜF UNE W.S.) 
SUBRUUTILE JOOST (FÜR E M M ' A l A M S I T U A T I O N AND KOR 
GROUP TECHNOLOGY LAYOUT 
AN U SUóRlJUT l t i E P L A C E (FOR AUTOMATIC PLAC 1 MG OF S E L E C T E D 
GROUP / LI NE Ü F «ORK STATIONS 1 M O AU OPTIMAL PLACE) 
REAL X , l: , Z , XPOS, 2 P Ü 5 , ANGLE , A SUM , 2SUM 
REAL XS,ZS,AS 
REAL JR 
REAL P C 5 0 0 ) , R C 2 0 0 0 ) , 0 ( 2 0 0 0 ) , T ( 7 3 0 0 ) , U ( 2 0 0 o ) , G C 2 0 0 0 ) , V C 2 0 0 0 ) 
REAL w ( 7 0 0 0 ) . C E S P A C C 1 0 0 0 0 ) 
LOGICAL ROUND 
INTEGER i . " ' * S , ANS ,5UMJ, RESULT 
C Ü ( A " . Ü ; ; / L C F . S / A (77 ), Y C 77 ), 2 C 7 7 ) , XPOS C 77 ) ,ZPOSC77 ) , AftGLE ( 77 ) , 
fcFKAKEC77) 
INTEGER S E L E C T , D E S E L , ALPHA,GRAPHI 
CHAR ACTER * 1 2 f l i A H E 
CiiARACl'ER*12 "SN'AME 
U AT A X , i ' , Z / 2 3 t * 9 9 9 . ö / 
DATA A P 0 S , Z P Ü S / 1 5 4 * 9 9 9 . 0 / 
DA1A ANGLE/77*0.0/ 
DATA S E L E C T / " 4 U 0 3 3 / 
DATA U E S E L / " 4 0 4 3 3 / 
DATA ALPHA/"30/ 






_ W R I T E ( 6 , l u ) S E L E C T 
C ' - 302 
4 R I T E ( b , 2 0 ) 
Führt AT (' You a r e no*' i n p U ü i T I O N i K G MODE ') 
U R U E ( 6 , 2 2 ) 
FORMAT (* A r e y o u s t a r t i n g e NE* l a y o u t . f r o i T t h e f l r s t W.St. 
6 l n t e c n n o l o g i c a l o r d e r ? ' / ' . . . i E S o r NO') 
* R 1 T E ( 6 , 1 0 ) D E S E L 
r l R I T E ( 0 , 10JGHAPHI 
C Ü K T 1 R U E 
R E A L ( 5 , 4 3 JAi'iS 
FORrfAT t A2) 
1F ( A L S . EU . 'rtO* , U K , ANS. EG, rN ' ) GuTO 7000 
1F ( A N S . E U . ' Y E ' . O R . A N ß . E U . ' Y ' ) GOTO 25 
K R i T E ( 0 , 4 4 ) 
FORMAT (' P l e a s e e n t e r y o u r r e s p o n s e a g a i n - u s e c a p i t a i s ' ) 
GOTO 42 
CO.'Til.UE 
CALL JUYST ( ! ^ S , P l C P L A , 0 l S l l ' C , L ) 
GOTO 7100 
Cüil'i l i i O E 
n ü R E ST AI ION (VOLUMES) IN A HEOHGANISED TECHNOLOG1CAL 
UHLER ARE 1 N'I R Ü U U C E O VIA L I 3 C ' K S V T O R ' . 
Ü 1 S C ' X S V T Ü R * IS F E L VIA P R Ü G H A K I* S V T O T O . F Ü R 'ihlCH 
IS NUT AN I.'JTEGRAL PART Cr TU IS PROGRAM 'PUSCOL' 
(Cu:-iPOTLK T l * £ S A V l i i G 1 D Ö R I N G HUN OF 'PUSCOL*) 
CALL O P D l Ü C ('*SVTUR',12) 
R E A D l ü G IN TUE ' f i r s t * *ORK STATION U Ü L Y 
READ ( 1 2 , 3 0 ) u , X ( J ) , Y ( J ) , Z ( 0 ) , F K A n E ( J ) ( 1 : 1 2 ) 
'•^  33b 30 FORMAT ( 15,3 EU.2,AI 2) 
» K l T E C o , l O J A L P R A 
W R l T E C b , l u ) S E L E C T 
» R I T E ( o , 5 0 ) 
FORMAT (' Do you V i s i t t o P D S I T i o n t h e c o n s l d e r e d h o r k 
t i S t a t i o n m a n u a l l y . . . YE o r NO'/) 
Vi K I T E (b , 1 0 ) D E S E L 
W R I T E ( b , 1 0 J G R A P H 1 
R E A 0 ( 5 , 1 1 0 ) A N S 
FORMAT( A 2) 
i F ( A L ' S . E Q , ' N O ' . O R . A t t S . E U . ' N ' ) G D T Ü 405 
I F ( A n 3 , E U . ' Y r : ' . 0 R . A N S . E i ; . ' Y ' ) G U T Ü 150 
350 wRl'JE(b,10)ALPIiA 
n R 1TE ( b , 11.' ) S E L E C T 
>R(TE ( 6 , 1 2 0 ) 
F Q R H A T ( ' p l e a s e e n t e r y o u r r e s p o n s e a g a i n * ) 
' n K l T E ( 6 , 10) UESEL 



































































I F YOU S E L E C T * NO' Y ü U ARt GOING DIRECTLY IhTO 
































































4 1 9 
420 
C Ü L T I K O E 
C A L L DELL 
»mit (6,2oo> 
fr OKy A'l l * Use J o y s t i c t o r c o r r e c t l v e a c t l o n ' ) 
BUILDING JS CALLFJÜ lti 
C A L L I K 3 Ü C C E S P A C , ' C 1 V I L 0 ' ) 
CALL Ü K A M T ( C E S P A C ) 
CAL L J 0 Y 2 ( ü , P I C P L A , D I S T r . C , G , X S , 2 S , A S ) 
C O K T i t i U t 
* R 1 T E ( 6 , l O A L P n « 
* R I T E ( 6 , 1 0 ) S E L E C T 
* H I T E ( D , 4 1 0 ) 
K 0 R T (' Do you * l s h t o cof>t i n u e d e v e l o p l n q t h e l a y o u t 
.In üutoniat 1 c n-otie ... t E o r M i * / ) 
* R i T E ( o , 1 0 ) D E ö E L 
* F: l T t ( b , l O J G R A P l i i 
R E A D ( 5 , 4 3 0 ) A : « S 
KCJR HAT (A2 ) 
W ( ANS.EU . *HG ' .UR. AfiS.Eü . '<i' I G U l ü 700 
1 F ( ANS .EU . ' YE ' .0« . ANS.EU. ' Y ' )GÜ'l 0 450 
n K 1 T E ( 6 , 1 0 J A L P H A 
!*RlTE(6,lÜ)5fcLEC*r 
« R I T E (o , 4 10) 
Ki IR.*I AT ( * P l e u s e e n t e r y o u r r e s p o n s e a g a l n ' ) 
V.R11 E ( 6 , 1 y JUESEL 
> R IT E ( o , 1 0 ) G h A P H1 
GuTD 405 
CONT IfiUE 
CUl.'i INuES lr< A U T ü h A T I C ''EPE 
PRGGRAX. lü GU1NG TO SUtiMuP D I R t C T L Y 
A P O S ( J ) = X5 
Z P u Ü ( J ) = ZS 
A t l G L E ( J ) = AS 
GOTO 500 
CUi t T l MOE 
CALo UPfJlSC ( * «SV TOR * , 1 2 ) 
C A L L NE« PAG 
TtiE t.'EA'i (COR RECT) 1>.S., A U E R *J b E S E L E C T E U '*,S. 
(UP WORK S T A T i U N S ) ARE P C S I 1 I O N E U 
TO START f ' l T l i l t l AUTOMATIC P O S l T i U M H G SYSTEM, 
IS RETRIEVED 
CUNTINUE 
READ ( 1 2 , 3 ü ) J , A ( J ) , i ( J ) , 2 ( J ) , K D A M E ( J j ( l : l 2 ) 
i E ( J .r.'E . L ) GOTO 7110 
i E ( J . E U . L ) GOTO 7120 
CUDTINUE 
XS = X P O S ( J ) 
2S = Z P ü S ( J ) 
C 3 6 . 




421 AS = A.\GLE(J) 
422 480 CONTINUE 
423 
424 CALL 1N30 ( C E 5 F A C , ' C I V I L D ' ) 
425 CALL OKA Vi I T ( C E S P A C ) 
426 C 




431 500 CALL SUMUPZ (J, X 3 U M , Z S U y , X S , Z S , A 5 ) 
432 *HI'I E ( 6 , 1 0 J ALPHA 
433 - R l T E t b , 1 0 ) S E L £ C T 
434 » k l T K 16,520) 
435 520 FORMAT ( ' TOTAL VALOE OK - 2 - U l M E N S I O » I S ' / ) 
436 WKITE ( 6 , 5 4 0 ) Z 5 U « 
437 540 FURKAI ( F 1 0 . 2 ) 
438 * R 1 T E ( 6 , 1 Ü ) D £ S E L 
439 « R I T E ( 0 , 1 0 ) G R A P H t 
440 
441 C 




44c READ t 12, 30,Ef.D = 7 0 0 ) K , X t F ) , i' (K ) ,ZCK) , F t i A H E ( K ) ( 1 :12) 
447 
44B CALL PLACE(i\,\5tJM,ZSUH, AS,1 ) 
449 c 
450 c ' T ' I S T U E V ER f LAST L.ORK STAT10f4 « H I C H J5 CLASHING 
451 c « I T H BUILDING ( C I V I L ENG. SI'ACE/ELEKEDT/BOX ) 
452 c OR IN C O L L I S I O N WlTH ANUTHER «QRr* STATION 
453 c 
454 
455 C A L L C O L L C Ä S ( T , C E ü F A C , R E S J L T ) 
456 c 
457 c ACTIOiIS WrtEN" C L A 3 Ü O R C U L L 1 S 1 Ü N OCCURS 
458 c 
459 riRlTE ( 6 , b 0 0 ) 
460 eou FORMAT (' RESULT') 
461 « R I T E ( 6 , 1 0 0 0 ) R E S U L T 
462 1000 FORMAT ( l ö ) 
463 1F ( R E S U L T . E O , 2 ) GOTO 5000 
464 I F ( K E S ULT. E U.3) THE" 
465 GUTU 5500 
466 E L S E 
467 GOTO 4000 
468 END IF 
469 
470 4000 CAL L o E L L 
471 WHITE ( 0 , l O ) Ä L P H A 
472 WR1TE ( b , 1 0 ) S E L E C T 
473 « R I T E 16,4100) 
474 4100 FORMAr (' CLASH !! J ' ) 
475 •sRITE ( b , 4 1 1 0 ) F N A M E ( r ) ( l : 1 2 ) 
47b 4110 FORMAT ( 2 X , A 1 2 ) 
477 
476 
479 « R I T E ( b , 1 0 ) D E S E L 
480 « R I T E ( 6 , 1 0 ) G R A P H I 
r. 
O 3 7 . 
«H[TE(b ,4200 ) 
F U F M A T (' [JO you * i s h t o s e e tr i e s c e n e o f t h e c l a s h ' ) 
R E A D ( 5 , 4 3 U 0 ) A t ; s 
F O R M A T ( A 2 ) 
I F l A N S . E O , ' NU',UR . A»S.EG. rW ) G O T O 6 1 0 0 
I F ( A M S . E O . ' Y E ' . O R . A N S . E Ü . ' Y ' ) G O T O 6000 
- R I T E 16,4400) 
FORMAT (' P l e a s e e n t e r y o u r r e s p o n s e a g a i n - u s e c a p i t a l s ' ) 
GOTO 4250 
CONTI"0 E 
iVRlTE ( 6 , 5 2 0 0 ) 
FORMAT (' TOUCH ! *) 
CONTIDUE 
C A L L ORAv.1T CT) 
C A L L O H A « I T ( C E S P A C ) 
W H I T E CO, 1 0 ) ALPHA 
(•Hi IE 10, 1 0 ) S E L E C T 
WRITE (.0,3100) 
FORHAT'C LAYOUT A CCEFT. A b L L * ) 
•1R 1 T E Ct., l O J O E S E L 
« R I T E ( 6 , l O l G R A P H I 
' J ' I S REPLACED OY ' K * 
J = K 
A p ü S C R ) = X S U J ' «• 
ZPUSCK) = Z S U M 
A U G L E ( K ) = AS 
ZS = ZSUl-
CONTINUE 
GOTO 4 « 0 
COHTiüliE 
C A L L N E i P A G 
C A L L OHAV.'iTCT ) 
C A L L OHA;,!!- t C E S P A C ) 
CON Ti:.UE 
« R I T E C b , 1 0 ) A L P n A 
h R l T E C 6 , 1 0 ) S E L E C T 
- R I T E C o , 6 1 2 0 ) 
FORMAT C' 0 0 YOU WISH TO R E - P O S I T T H E C L A S h l N G W . 5 . O H L Y V 
t. ' . . . t E S , nO... 11 N U you c a n r e p o s i t i o n any N o . o f w.S.*) 
W H I T E ( 6 , 1 0 ) U E S E L 
- R I T E ( o , 1 0 ) G H A P H l 
R E A D (5,ol40)AI.'S 
FURMAT CA2) 
I F (ANS.ECl. ' N O'.OR. A N S . E C i . ' N ' ) G O T O 7 0 0 0 
O 530 I F ( A N S . E O . ' Y E ' . O R . A N S . E O . ' Y ' ) G U 1 0 6200 
WRITE ( 6 , 6 1 5 0 ) 
. FORMAT (' P l e a s e e n t e r y o u r r e s p o n s e a u a l n - u s e c a p i t a l s ' ) 
533 GOTO 6 1 3 0 
C O N T I H U E 
T H E C L A S H I N G * O R K S T A T I O N W I L L H E R E P O S I T I O N E D 
J = K J. 
4 d i 
4(32 4200 


























































542 6500 GQTU 150 




P O S I T I O N OK THE L A S T h ORK STATION 15 R E C D H D L D 0 547 546 
549 
C A L L O P Ü 1 S C (**SPU5A',11) 
UU 3300 L = 1,76 
O 550 I E ( X P O S C L ) „ E ü , 9 9 9 . 0 . A N D . Z P O S I L J , E 0 . 9 9 9 . 0 ) G O T C 3300 551 '* R1T E ( 1 1 ,3200) L , X P G S ( L ) , Z P O S ( L ) , A N G L E ( L ) , F N A K E ( L ) ( 1 ; 1 2 ) 





CALL C L D I S C ( * *SPUSA',11) 
556 
557 C 
C A L L C L D I S C (*W5VT0R',12) 
55b C r'OR A Ü E E T E l ^ A L P K E « T A T 1 0 I I THE LEYOUT IS HEDRAfcN 
559 C n l T r i D E T A I L E S OF '•<0KK S T A T i O H S RETR1EVED 
560 C 
561 C A L L D E « P A G 
5b2 C A L L PRES1T (N*S) 
5b3 
564 
c C A L L PRE31TDE1 ( K » S ) 
565 c 
Sb6 c FIN'AL DEC1SSIUN IS •,ADE REGARD IMG CONTINUAT ION 
567 c O H STUPIF.'G IRE P R Ü G R A A 
/—» 566 c 
569 
570 
WHITE ( 6 , 1 0 ) A L P Ü A 
fcftlTE ( 6 , ) U ) S E L E C T 
o 571 K R l T E ( o , 3 3 2 0 ) 572 
573 
3320 FuRMAT (* Do you w l s n t o reotdi« t h e l a y o u t ? . . . Y E S , N O . . ' / 
i * I i iJü i s t y p e d , t n c S e s s i o n i s o v e r ' ) 
574 « R I T E ( 6 , 1 0 ) D E S £ L 
K,' 575 •»RITE ( b , 1 0 ) G R A P H l 
576 3360 READ (5,3330)Afr.'S 
o 577 3 330 FORMAT ( A 2 ) 578 
579 
1F (AfJP.ECi. "NO'.OR . A N S.EU.'h') GOTO 3400 
I F I A N S . E Q . * Y E * . Ü R . A N S . E L ' . ' Y ' ) GOTO 15 
G 580 i H l T E ( b , 3 3 4 0 ) 581 
582 
« R I T E ( 6 , 1 0 ) A L P H A 
P.RITE ( b , 1 0 ) S £ L E C T 3 563 3340 FORMAT (* P l e a s e e n t e r y o u r r e s p o n s e a y a l n - u s e c a p i t a l s ' ) 584 
585 
586 
•»RITE (6,1 0) D E Ü E L 
* R1T E ( t . , 1 0 ) G R A P h l 
GOTO 3300 D 537 588 3400 C O S T 1 N Ü E 
589 RETURN O 590 591 
592 
END c 593 594 C. .. SUbROUTINE J 0 Y 2 ( J , P I C P L A , D J S T N C , R , X 5 , Z S , A S ) 
595 C 
596 C SUFiRUUTlRE " J 0 Y 2 " 13 A K ODIFI E D SUBROUTINE J0 Y S 1 
597 C » H t C H « I L L A L L Ü - E T O POSIT lOti ONL Y OHE '«ORR STATION 
593 C I i i T I M E . 












603 R E A L X,Y,2,XP0S,ZHO5,ANGLfc 
604 H E A L P ( 5 0 0 ) , 2000) , vi ( 2 0 0 0 ) , T ( 2 0 0 ü ) ,GC20h0) » V (2000 ) 
605 HEAL C E S P A C ( I O O U O ) 
606 I N T E G E R riv.-S,ANo 
607 C Ü M M O N / L C > , S / X ( 7 7 ) , i ( 7 7 ) , Z ( 7 7 ) , X P U S ( 7 7 ) , Z P Ü S ( 7 7 ) , A K G L K ( 7 7 ) , 
608 & F N A M E ( 7 7 ) 
609 INTEGER S E L E C T , D E S E L , ALPHA,GRAPHI 
610 C H A R A C T E R » 1 2 FriAME 
O l l CHAKACTER*12 A S N A K F . 
612 U A T A X , Y , 2 / 2 3 1 * 9 9 9 . 0 / 
613 DATA A P Ü 3 , Z P Ü S / 1 5 4 * 9 9 9 . 0 / 
614 DATA A N'GLE/77*0.0/ 
615 DATA S E L t C T / M O U 33/ 
616 DATA D E S E L / H 4 Ü 4 3 3 / 
617 DATA ALPHA/"30/ 
618 DATA Ü R A P R L / M S / 
619 C 
620 H RI 'I E ( 6 , 1 •) ) A L P n A 
621 10 FÜR M A T ( * ' ' . A2,S) 
622 A K I T E ( Ö , l O ) o r ' t C T 
623 <f*ITE ( 6 , 5 0 ) 
624 50 F O R M A T i ' vou a r e n o * In t n e M a n u a l . . t o . . A u t o * c d e ' / ) 
b25 
626 70 C O N T I N DE 
627 C CHARGE O F LAYOUT l S C O N Ü l D E R E D 
628 * H n ' E ( ö , 9 0 ) 
629 90 F O R M A I i ' Do v o u * l s n t o r e - P O S l l l o n t h e » o r * S t a t i o n . , . Y E o r 
630 W K I T E l b , 1 0 ) D E S E L 
631 w R I T E l b , 1 0 ) G R A P D I 
632 100 KEADC5, 1 101ANS 
63 3 1 10 FURHATIA2) 
634 1F( A N S . EO. 'NO'.UR. ANS.EU. ' N ' )GCTU 250 
635 1 F ( A * S . £ 0 . ' i E ' . O H . A K S . E O . * i 'IGü'lO 150 
b36 h ' R!TE(ö, 1 0 ) A L P H A 
637 * R I T E l o , l i O S E L E C ' l 
638 wfti'lE ( 6 , 1 2 0 ) 
639 120 FORMAT(* P l e a s e e n t e r y o u r r e s p o n s e a g a i n ' ) 
640 V ; R I T E ( 6 , I O ) D E S E L 
641 h'RlTECo, 10)GRAP.U 
642 GOTO 7 0 
643 150 COivrir.'UE 
644 153 C O N T I N U E 
645 CONTlf.UE 
646 * R 1 T E ( 6 , l ü ) A L P H A 
647 W R I T E C 6 , 1 C ) S E L E C T 
646 » R I T E ( b , 1 5 5 ) 
649 155 FORi-'AT (' P l e a s e P u s i T l o n t h e w.S. by c r o s s - h a i r s . . . ' ) 
650 - H l i E ( b , 1 0 ) D E S E L 
651 «' R1T E ( o , l O j C K A P h l 
652 C 
653 C i s t noven.ent P U S I T t h e r i y n t b o t t o i u c o r n e r . . p r e s s s p a c e r . . 
654 c 2nd movement P O S l T / t u r n s t n e v».s, a r o u n d t h i s c o r n e r . . 
655 c 
656 c p r e s s s p a c e r . 
6S7 c 
656 160 C A L L B E L L 




661 C F I R S T nORK STATION VOLUME IS FEAD AUTOMATICALLY 
662 C VIA SUfcROUTINE " P 0 5 I T " (AREA L A B L E 2 5 - 3 0 } . . . J ...N ! 
663 C h £ A N G L E ( J ) U N IS TU HAVE F I R S T * . S . OF A CROUP OF MACHINES 
664 C READY FÜR AUTOMATIC READJNG. 
665 C 
666 C A L L b D X ( P , X ( J ) , Y ( J ) , Z ( J ) J 
667 C A L L SCKEEN(1CHAR,X1,Y1) - 666 C A L L S C H E E N ( I C H A R , X 2 , Y 2 ) 
669 C A L L N&n'PAG 
670 c C A L L Ü E L L 
671 C A L L UPDISC('MfcSDlM',101 
672 NLX =01N('ULX ') 
673 fJLY =DIÜ('.NLY *) 
674 NLZ = D 1 N ( ' « L Z * ") 
675 SPACE =DIN(*SPACE ') 
67b C A L L C L D I S C ( * * E S D I M ' , 1 0 ) 
677 C A L L K E S R ( N L / , N L Y , » L Z , S P A C c ) 
678 C A L L IN3D ( C E S P A C . ' C I V I L D ' ) 
679 C A L L D R A H T ( C E S P A C ) 
680 AS = A T A N 2 ( Y 2 - Y 1 . X 2 - X 1 ) * 1 8 U . 0 / 3 . 1 4 1 5 9 2 6 5 
661 XS = Y 1*D1STNC/PICPLA 
682 ZS = X 1 » L < I S T N C / P I C P L A 
663 C A L L i . O X ( P , X ( J ) , Y ( J ) , Z ( J > ) 
b b 4 
665 C A L L H E R S h t F " r : A . ^ E ( J J C l : i 2 ) , b , 2 , 6 0 . o , U ) 
- 666 CALL T P A N S P ( U , T ) 697 C A L L T0Rt.'3D(T,270.0,0.0,0.0, 1 ,G) 
688 C A L L J U 1 D ( P , G ) 
O 689 «SNAf-lE = F N A M E ( J ) 
690 C A L L 1N3D (V ,*SNAHE) 
691 C A L L J U l « (G , ) 
692 C A L L f u R f * 3 D ( V , A S , 0 . 0 , 0 , 0 , 2 , R ) 
693 C A L L S H I F T 3 ( R , X S , 0 . 0 , Z S ) 
694 C A L L D R A H T (R) 
695 c C A L L Ü K A V 3 D ( V , 1 . 0 , X S , O . C , Z 5 , 1 ) 
696 1 60 CODTI'iUE 
697 WRlTE(tt, 10)ALPHA o 698 i . R l T f ( b , 1 0 ) S E L E C T 699 
700 w R J T E ( 6 , 2 0 0 ) o 701 200 FORMAT (' l s t u e P U S I T l o n o f V..S. a c c o r d l n g t o y c u r w i s h . 702 4.YE o r NU'/) 
703 * R 1 T E ( 6 , 1 0 ) D E 5 E L o 704 * R I T E ( o , 1 0 ) G R A P i i i 705 210 READC5,220)ADS 
o 706 220 FORMAT(A2) 707 1F(AIJS.£0. ' i J O ' . Ü R . A N S . E O . ' N ' ) G U T ü 153 
706 I F ( A N 5 . E 0 . ' Y E ' . O R . A S S . E Q . ' Y ' ) G O T O 250 
709 W R I T E ( 6 , 1 0 ) A L P H A 
710 W H l T t ( b , 1 0 ) S E L E C T 
711 « R I T E ( b , 2 3 0 ) 
712 230 F O R H A T C P l e a s e e n t e r y o u r r e s p o n s e a g a i n * ) 
713 W R l T E ( b , 1 0 ) D E S E L 
714 « H I I E ( b , 1 0 J G R A P H I 
715 GOTO 210 
- 716 250 COHTXhUE 
717 X P U S ( M = XS 
718 ZPOS(N) = ZS 
719 ANGLE(D) = AS 
720 c 
AI. 
721 C P U S I T I U N e r T U E * O R K S T A I I U N P O S I T I O N E U V I A J O Y S T I C K 
722 C I S R E C O F U E D / F I L E O IK ' W S P C S A ' , I I 
723 c 
724 C A L L U P D 1 S C ( ' » S P Ü S A * , 1 1) 
725 00 290 t; = 1,7b 
7 2 6 I F t X P ü S ( H ) . E O . 9 9 9 . 0 . A N D . Z P Ü S ( h ) . £ 0 . 9 9 9 . 0 ) 0 0 1 0 291 
727 WHITE ( 10,270)M,ApUS(t:> ,ZPGS(N) , A N G L E ( fJ ) , Fh A M E ( b) ( 1 : 12) 
CJ 728 270 F O R M A T U 5 , 3 F 1 0 . 2 , A 1 2 ) 
729 290 CO:. f l . ' i U E 
730 C A L L CLLU5CC '-SPOSA', 1 1 ) 
731 
732 RET U R L ' 
^ 733 EfiÜ 
7 3 4 
735 C 
736 C 
737 C. .. 
738 SUtlROUTlNE su;*UPZ C J , S U M X , 3 U M Z , X S , Z S , A S ) 
739 C 
740 C T M S S U'-hOUTli.E I S C A L C U L A T I N G THE TOTAL ' Z * U l i . N S I O N 
741 C 
742 
743 REAL X , i , Z , A P U S , Z P O S , Ar-GLh 
744 REAL X S , Z S , A S 
745 REAL P C 5 0 0 ) , '..'(7000), S O I - A , S U . ^ Z 
746 1 MT E U E R J 
7 47 CU.-'.*0 ; . / L l>S / X(77) , Y ( 7 7 ) , Z ( 7 7 ) , * P U 3 ( 7 7 ) .ZPOS177) G L E ( 7 7 ) , 
746 &FNAHE177) 
749 1 L T E G E R S E L E C 1 , DESEL , A LPtt A , GRAPri 1 
750 C H A R A C T E H M 2 F•>AM.E 
751 CH ARACTEH * 1 2 .VÖl-AKE 
7 52 LATA S E L E C T / " 4 0 0 J 3 / 
753 D A T A U E S F . L / , , 4 0 4 3 3 / 
754 LATA A L P H A / " 3 0 / 
755 DATA G H * P i U / " 3 S / 
75b 
757 A i a T E C O , l ' U A L P N A 
758 1 0 FORMAT ( '•» " , A 2 , $ ) 
759 « H 1 T E ( 6 , l u ) ü E L E C T 
760 WR1TE ( 6 , 2 0 ) 
*- 761 20 FORMAT (' VUU ARE liUW In S U M U P Z Ü U b R O U T l N E 
7 6 2 k t o a c t i v r t t e p r e s s r e t u r n / n e v . l l n e o n c e ! "/) 
763 * R I T E ( & , I O ) Ü E S E L 
7 6 4 i . R I T E ( 6 , l O J G R A P H l 
765 c 
7bb c " Z P U S C J J " SUM U P 
767 c SUM UP T U E * Z * DIMENS10NS OF ALL PREV10US WÜHK S T A T I O N S 
768 c B E C A Ü S E THE V.ORK STATION MODULE VOLUME A N D «ORK S'i ATION 
769 c DETA1LED SliOULD DE CONSIDEREC büTrt ARE TAKEN 1N1Ü 
770 c Aü ACCCJu.HT. 
771 c 
772 c 
— 773 C A L L ÜUX ( P , X ( J ) , Y ( J ) , Z [ J ) ) 
774 hSNAI'E = F f J A M E l J ) 
775 C A L L I i ; 3 0 C A , - S N A r t E ) 
776 c * r i t e ( » , * ) ' * ' , * ( 4 j , \ . ( 5 ) , < . ( 6 ) 
777 c * r i t e ( « , » > ' * , w ( 7 ) , * m , w ( 9 ) 
776 C A L L J U K I C P , ' * ) 
779 D = O E PTh( V ) 






w r i t e ( * , ł ) ' ' , P ( 7 ) , p ( 8 ) , p ( 9 ) 
7 8 i c BECAUSE GE TURNING DURING I R E PUS1T1UN 1tíG 
784 c 'l HE ANGLE I S CHANGING AND THIS I S CHANGING 
• 785 c THE ACTUAL DISTANCE O F THE NEXT «ÜRK STAT J Utt 







D = D / c o s n o l t n e a n g l e 
o 790 791 
792 c 
F = D / C U S t A S ) 
(•"•• 793 c INSTEAD OF TtjE ORIGINAL 2 F U S ( J ) X P U S ( J ) I S TAKEN 





c w r l t e t * , * ) * z s ' , Z 5 , ' ó' ,o 
SUMZ = Z3 -t F 











805 SU nil OUT I . i t PLACE ( rv , XSUM , 2S0M , AS , T ) 
806 c 
807 c (PLACIî.G A t.EA'l * . S . IfJ THE DIRECTION 'Z') 
bOE> c 
809 
810 c T i i l S S U b k U l J T I N t I S ACTUALLY PLACING A fcüRK 5 T A Î I C N INTO 
811 c AN OPTIMUM POSITION RELATED TCI OTHER SPACES I M S . VOLUMES 
812 c C I V I L ENG SPACE AMD K.h. S P A C E ) , i-0 INTERVENTION CP 




REAL A , ï , Z , A POS,ZPUS,ANGLE 
REAL ASDM,ZSI^',AS 
_ 017 REAL P ( 5 0 0 ) , « [ 7 0 0 0 ) , T Í 7 3 O 0 ) 
816 
619 
I tiTEGER i'*S , !•• 
C U « K ú < V L C h S / X ( 7 7 J , V (77 ) ,ZÍ 77) , A P O S ( 7 7 ) , Z P U 5 Í 7 7 ) , ANGuE ( 77 ) , 
820 Ł F N A M E C 7 7 ) 
621 
622 
INTEGER S E L E C T , D E S E L , ALPHA,GRAPhi 
C H A R A C T E R « 1 2 FNAME 
823 CHARACTER »12 « S N A M E o 624 £2 5 DATA X , ï , Z / 2 3 1 » 9 9 9 . 0 / DATA APOS,ZPOS/154*999.0/ 
—> 826 DATA A » G L E / 7 7 * 0 . 0 / 
827 
828 
DATA S E L E C T / " 4 0 0 3 3 / 
DATA D E S E L / M 0 4 3 3 / 
629 DATA ALPrtA/"30/ 
630 
831 
DATA G R A P i ł I / " 3 5 / 
»32 c C A L L i*ELL 
833 fcRITElb, 1 0 ) A L F n A 
634 10 FOR J* AT ( *•* , A2,S ) 
835 * R l I E ( t > , 1 0 J S E L E C T 
836 WRITE ( 0 , 2 U ) 
837 20 FURMAT (' ÏUU ARE NU- IN AUTUKAT1C MODE 
638 i t o a c t i v a t e p r e s s r e t u r n / n e w l i n e o n c e ! '/) 
- 839 * K l T E ( 6 , 1 0 J D E S E L 640 U R I T E ( 6 , 1 0 ) G R A P H I 
O 
841 
842 C A F T E R T H E S U M UP T H E NEXT P L A C E S T H E *ORK S T A T ICK 
6 4 3 c V O L L M E lf . Art CP'IIMU.'. P 0 5 I T I C N « I T H A H E « ' Z ' D I M E N S I O N 
,^ 844 c KOT TU E H E AHE NO C H A N G E S l t i *X* D I M E N S I O N Y E T 
345 c 
8 4 6 c C A L L ü E L L 
/*-N 8 4 7 C A L L U P D I S C C ' M E S D I M ' , 1 0 ) 
8 4 8 T.LX s D I l i C ' N L X ' ) 
8 4 9 f\ L Y s 01 N l * N L Y *) 
8 5 0 üUZ = 0 1 M ( ' t . L Z * ) 
851 S f A C E = D 1 N ( ' 5 P A C E *) 
852 C A L L C L D I S C t ' M E S D I M ' , 1 0 ) 
653 C A L L i->ESh(r. ;LX , NLY , N L Z , S P A C E ) 
854 
8 5 5 C A L L L - Ü X I P , X CK ) , Y ( h ) , Z ( K ) ) 
856 
857 'XSxAi-E = V ¡4 AME C K ) 
858 c 
6 5 9 c 0 E T A 1 L E D * O R i\ S T A T I O N I S R E 1 R I E V E D FROM T H E D I S C " « S N A M £ » 
¿ 6 0 c 
861 C A L L I N 3 D C « , « S N A M E ) 
862 C A L L 0 0 1 N C P . n J 
6 o 3 C A L L T U R * 3 D ( * , A S , 0 . 0 , 0 . 0 , 2 , T ) 
864 C A L L S H U T 3 CT , X S U U , 0 . 0 , Z S D M ) 
8 6 5 C A L L DHAiniT ( T ) 
666 R E I U R H 
667 E N D 
8 6 8 c . . . 
6 6 9 S U r t R U L T i h E S I G N A L 
8 70 3 DO Clü- ' ' I INGE 
871 « R I T E C 6 . 4 0 ) 
872 40 F O R i l A T ( ' D I A G N O S T I C ! * / / ) 
873 
674 4 0 0 C A L L H E L L 
875 *RI TE C 6 , 4 1 0 J 
876 4 1 0 FORMAT C C L A S l t l i i C ü R R E C U V E A C T I Ü I . K I N O L Y R E C U E S T E D ! ' ) 
677 
- 378 500 C u N T . Ü - ' U E 
879 RETURN 
8 60 E N D 
881 C 
682 c F U L L O n S S U B R O U T I N E FOR C O L L I S I O N Ü F T H E L A S T * Ü P K 
6 6 3 c S T A T 1 U N Mio THE B U I L D I N G ( C I V I L E N G . S P A C E ) 
684 c 
8 8 5 C „ . . o 8 6 6 867 S U B R O U T I N E C Ü L L C W S CWS 1 , O E S P A C , R E 5 U L T ) 
8 6 8 R E A L a S l U ä » « ) 
8 8 9 
6 9 0 R E A L C E S P A C C 1 0 0 0 0 ) 
891 ItVIEGER R E S U L T , AREA 
•—\ 692 c C ü M M ü N / L C , « S / X ( 7 7 ) , i < 7 7 ) , Z ( 7 7 ) , X F O S C 7 7 ) , Z P O S C 7 7 ) , A N G L E ( 7 7 ) 
8 9 3 c * . F N A ; i E ( 7 7 j 
894 
8 9 5 C H A K A C 1 E K * 1 2 F l i A M E 
8 9 6 C ü A r i A C T E R * 1 2 « S N A M E 
6 9 7 
898 I.'.TEGER 5 E L E C T , O E S E L , A L P H A , G R A P H I 
8 9 9 DATA S E L E C T / " 4 G U 3 3 / 






G 904 C FIRST C A L L 1N" CIVIL. ENG. SPACE 905 C 
906 C CALL IN3D (CESPAC,'CIV1LD') 
907 
906 
909 C FULLÜ«S SUliROUT I NE EUR CHECK IMG RESOUT 
910 C Or COLLISION 
911 




10 FORMAT Ct',A2,3) 
.»RITE (6,10)SELtCT 
« R U E (6,30) 
916 30 FORMAT (* 1 = INSIDE'/' 2 = TOUCH (O.K.!)'/' 3 = CUTSIDE") 
917 «Kl Th. (0 , 1U)DESEL 
91b «RITE 16 ,10)GRAPHI 
919 CALL 1NSPAC (v.Sl ,CESPAC,RESULT ) 
920 WRITE (0 , 1 Oo ) RESULT 




o 925 E.-JD 926 c 
927 c "ÎNSPAC" IS CGi.lRùLlriG THE PRUCESS IN 








SDisROUTiNE 1NSPAC («SI,CESPAC,RESULT) 
REAL ¿5(1), CESPAC(l), UL'JECT ( 10 0 ) 
934 c i.Sl = '..ORK STATIOf. A H I C H 1S (AS A LAST U N E ) PCSITIONED 
935 c Iii THE HAÏ (CIVIL ENG. SPACE) 
936 c CESr-AC = DU1LD1NG (CIVIL En G. SPACE) 






940 INTEGER RESULI, A R E A 
941 c C O M ^ O , ' J / L C A S / X ( 7 7 ) ,ï(77),2(77),APOS(77),ZPOS(77) ,ANGLE(77), 
942 c fcFHA«t(77) 
9 13 c 
944 c RH LOCK IS G1VEN Hï A N U M F - E R OF P1CASO CONTOURS 
945 c AND IS ACTUALL't GIVING (bï ANALÏS1S) A NUHbER 





A:.'D 1S LiWITI.'.'C THE fiUMBtR OF LOOPS 
f. b LOCK = CESPACl2)/6,0 
950 
951 
L'U 100 N - 1 , HBLUCK 
CALL AUOX (CESPAC, i., OÙJECT) 
952 CALL COLISM (WS1, UBJECT, RESULT, AREA) 
953 K K I 1 E (6,60) RESULT 
954 90 FORMAT (16) 
















































































" A b ü X " 13 R E I H I E V I N G FORM C I V I L ENGINEERING 
DRAV.ING I N O I W D J A L C I V I L ENGINEERING SPACES (ELEMENTS) 
U N E S P A C E ( E L E M E N T - A C T U A L L ^ TMt *NTH',Htn) IN T I M E 
SObKUO l INE Ä ü O X (CESPAC , M H , Uli J E C T ) 
REAL C E S P A C ( l ) , U B J E C T W ) , S h A P E ( l O O ) 
INTEGER Fnü.'4, TO 
C U H M U N / L C w 3 / X ( 7 7 ) , Y ( 7 7 ) , 2 ( 7 7 ) , X P U S ( 7 7 ) , 2 P U S ( 7 7 ) , A N G L E ( 7 7 ) , 
•ENAHE(7 7) 
1F ( . i T i i . L T . l ) TUEN 
GOTO 200 
E L S E 1F (NTM.GT.100) TriEh 
GOTO 250 
E L S E 
GOTO 270 
END I F 
C0NT1.*UE 
* H I T E ( 6 , 3 1 0 ) 
F O R M A T ( * D 1 A G N G S 1 IC - « R U K G REAUING 1') 
/.RITE (6 , 320 ) 
FORMA I ( ' D I A G N O S T I C - T O O D1G -ERROR 2') 
REAUING OF C Ü N T U Ü R S OF I N I U V I D U A L O B J E C T S 
CON TI KDE 
ER0.-I = C-Tti - 1) » 6 + 1 
TU = Fl". Ort + 5 
1)0 10 t) = FRGM, TO 
TME i N D I V I D D A b SHAPE IS E X T f i A C I E D 
C A L L CXTSH ( C E S P A C , N, SHAPE) 
I F ( N . E D . F R Ü H ) C A L L COPY ( ü H A P E , O b J E C T ) 
1F (Ii.NE.FROH) C A L L J O l h ( SH A PE , OB J E C T ) 
C O N T I N Ü E 
PETOKN 
END 
S U Ö R Ü O T 1 N E C O L I S N ( i . S l , O B J E C T , R E S D L T , A R E A ) 
REAL W S 1 ( 1 ) , U B J E C T ( 1 0 0 ) 
INTEGER RESDLT,AREA 
COMHON/LCWS/X(77), Y (77 ) , 2 ( 7 7 ) , X P U S ( 7 7 ) , 2 P O S ( 7 7 ) , A N G L E ( 7 7 ) , 
*.FNAME(77) 
INTEGER S E L E C T , 0 E S E L , ALPHA,GRAPH! 
DATA S E L E C T / - 4 O 0 3 3 / 
DATA H E S E L / " 10 133/ 
DATA ALPHA/"30/ 
DATA G R A f n l / " 3 S / 
WR1TE ( 6 , 1 0 ) ALPHA 
FORMAT l " + ' , A 2 , S ) 
*'R1TL ( 6 , 1 0 ) S E L E C T 
C A L L iioLl,3D ( wSl ,XMIN1 ,XMAX1 , YM1M , IMAX1 ,2MIN1 ,2HAX1 ) 






































1057 C. . 
1056 C 
1059 C 





















RESULT = 3 
WRITE C6.30J RESULT 
FORilAT ( 1 8 ) 
A R £ji = 1 
HORIZONTAL PLANE IN AREA 'X' IS T E S T E D (AREA=1) 
I E (AlllNZ.Eü.XMAXl.OH.Xl-tAXZ.EO.Xi-UNl) GOTO 100 
C U ^ U I T i O l i OE OUTSIDE ... 3 IS CONSIDERED 
IE (XHAX2.LT.AM INI.OR.A M1N2.GT.XhAX 1) RETURN 
GOTO 15u 
I E ( ( Ï ¡'l I i' 2 . L E . I'M AX 1 . AND. YMAX2.GT. YM1 t.'l) .OR. 
b. ( Ï M A X 2 . G L . ï Vi I fJl . AND. ï « l « 2 .CT ,ï MINI ) ) GOTO 200 
CONDITION OUTSIDE ... 3 IS Cur. S i DE RED 
I F ( 'l' '*i A A 2 . LT . Y M IN 1 , UR . i ^  I N 2 . GT . ï M A A 1 ) RETURN 
GOTO 250 
C i n M i l T l U L J tí Z-DJHEl.SlOw 
Cl'i'lDITlOi. "TOt-CH . . . 2" IS CUNSIDERED 
IE ((Z<-:]¡;2.L¿.2MAxl.AND.2t\AX2.GT.ZMlNl) .OR. 
(.(Z.-AX2.GE.ZIU.';i . A I Í D . Z M I N 2 . G T . Z K I N 1 ) ) GOTO 300 
1 F (2;* AX 2.1/1 . Z H I f i l ,0K.ZMlIi2.GT.Zf'.AXl ) RETURN 
RESULT = 1 
»•RITE (t>,2o0) RESULT 
FORMAT ( 1 Ü ) 
RETURN 
RESULT = 2 
WRITE ( 6 , 3 2 0 ) RESULT 
FORMAT ( 1 8 ) 
AHITE ( 6 , 1 0 ) O E S E L 
« H I T E ( 6 , l O ) G R A P l i I 
KETURR 
END 
El'.i) OF PRUGRrtl' "COLLCrtS 1 . FOR " 
SUBROUTINE JÜ Y ST ( II« S , P I C P L A , Û I ST NC , J ) 
REAL ¿'(500) ,R ( 2 0 0 0 ) , 0 ( 2 0 0 0 ) ,T ( 2 0 0 0 ) ,U( 2000) 
REAL V Í 2 0 O O ) , C ESP t* C ( 1 00 0 0 ) 
INTEGER NWS 
CUMMUH/LCV(S/X(77) , Y ( 7 7 ) , Z [ 7 7 ) , XPUS(77) ,ZPOS(77 ) , A N G L E ( 7 7 ) , 
ŁFNA>:E(77) 
INTEGER S E L E C T , D E S E L , ALPHA,GRAPHI 
CHAHAC'iER*12 FNAME 
CHARACTER*12 «SN A M E 
. DATA S E L K C T / " 4 Ù 0 3 3 / 
DATA D E S E L / " 4 U 4 3 i / 
DATA ALPI¡A/"30/ 
D A 1 A GRA P M i / " 3 5/ 
C A L L DELL 
C A L L P L 1 T ( 3 . 0 , - 5 . 0 , 3 ) 
.VR1TE(6,70)ALPHA 
FORMAT('+',A2,S) 
1081 n K I T E ( 6 , 70 J S E L E C T 
1082 r.KIT£(e, 80) 
1033 8« FURHAT( * w n l c n »orK S t a t i o n . ; t o S t a r t t r o m ? T y p e 
1084 &' To end . . . t y t e "ERL)"*) 
1085 U R I T £ ( 6 , 7 0 ) D E S E L 
108b - R i T E ( 6 , 7 o ) G H A P H I 
1087 
1088 90 CONTINUE 
1089 REAL» ( 5 , 100) lv5HA«E 
1090 m u FORMAT CA12) 
1091 V R I T E (0,110) « S H A M E 
1092 1 10 FORMAT ( 1 A , A 1 2 ) 
1093 I F [ W S K A r t E C 1 : 3 ) . E U . ' E N D ' ) GOTO 190 
1094 
1095 00 120 J = 1,76 
1096 i E ( iV3NAf»E.EÜ.FUAHE( J ) ( 1 : 12) ) GOTO 140 
1097 120 C0NT1NUE 
1098 
1099 « R 1 1 E (0,130) 
1 100 130 FORMAT (' P l e a s e e n t e r y o u r TAG WO e x a c t l y a g a i n 




1105 140 CALL ti O X l P , X ( J ) , Y ( J ) , Z ( J ) ) 
1106 C A L L 3CREEN( 1CHAR,X1,Y1) 
1107 C A L L SCREEI.(iCHAR,X2,Y2) 
1108 C A L L NEWPAG 
1109 C A L L b E L L 
1110 C A L L OPDlSC('MESD1M',10) 
I U I U L X = D I N ( ' I ; L X ' ) 
1112 NLY = D I M ( ' i J L i ') 
1113 NLZ = D M ( ' D L Z *) 
1 114 SPACE s D11J ( 'SPACE ') 
1115 C A L L CLD15C('MESD1*',1U) 
1116 CALL MESh(NLX,NLY,NLZ,SPACE) 
1117 C A L L IN'3ü ( C E S P A C , ' C I V I L D ' ) 
1118 C A L L D R A H T ( C E S P A C ) 
1119 A N G L E ( J ) = A T A N 2 ( Y 2 - Y 1 , X 2 - X 1 ) # 1 8 0 . 0 / 3 . 1 4 1 5 9 2 6 5 
1120 XPOSCJ) = Y l ' D I S T r J C / P t C P L A 
1121 Z P O S ( J ) = X I •D131NC/PICPLA 
1122 DO 180 A = 1 ,76 
1123 C A L L LtüX ( P , X t K ) , i ( K ) , Z ( M ) ) 
1124 XWORK = XPOS(M) 
1125 Z « U R K = ZPUS(M) 
1126 IF(XrtURR.EO.999.0.AND.ZWORK.EQ.999.0)GOTO 180 
1127 C A L L H E R S H ( F N A M E ( M ) ( l : 1 2 ) , 6 , 2 , 6 0 . O , U ) 
1128 C A L L THANSP(G,T) 
1129 C A L L T U R N 3 D ( T , 2 7 0 . 0 , 0 . 0 , 0 . 0 , 1 , U ) 
1130 C A L L J Ü I N ( P , U ) 
1131 C A L L IN3D (V , F H A M E ( M ) ) 
1132 CAL L J 0 1 N (U,V) 
1133 
1134 CAL L T U R N 3 D ( V , A N G L E ( H ) , 0 . 0 , 0 . 0 , 2 , H ) 
1135 C A L L S t i I F T 3 (R,Xw'QRK,0.0,ZnORr.) 
1136 C A L L DRA-IT (R) 
1137 C C A L L D R A V < 3 D ( U , 1 . 0 , X n ü R K , 0 . 0 , Zr>ORK , 1) 
1138 130 CONTI fJUE 
1139 GUTU 60 
1140 190 CONTI IJUE 
C A&. 
f~~ 




DU 20O = 1.76 
n ( X ? O S U I ) . E < J . 9 9 9 . O . A N D . Z P O S ( M . E G , 9 9 9 . O ) G G T Ü 200 
W R 1 T E ( 1 & , 2 1 Ü ) M , X P Ü S ( I * ) , Z P 0 S ( H ) , A N G L E ( M ) , F U A M E [ K ) ( 1 : 1 2 ) 
1145 210 F ü [ ; ? . A T ( i 5 , 3 F 1 0 . 2 , A l 2 ) 
1146 2 0 0 CliÄ'TluUE 










SUßHuUTl.'iE P K E S I T D E T ([.«£) 
1153 C T l i l S I S A SUrRUOT INE FÜR SH0».1NG THE PRESEN! S1T0AT1UN 
1154 
1155 




REAL P(5i/0) ,R ( 2 0 0 0 ) , 0 ( 2 0 0 0 ) , T ( 2 0 0 0 ) , U ( 2 0 0 0) 
REAL C E S P A C C 1 0 0 0 0 ) , V C 2 0 0 0 ) 
1155 
1160 
U b l 
( N T E G E R h»*S 
C ( i F . M U N / L C v ' S / X ( 7 7 ) , Y ( 7 7 ) , 2 ( 7 7 ) , X P U S ( 7 7 ) , Z P O S ( 7 7 ) , A N G L E ( 7 7 ) , 
Ä F * A K E ( 7 7 ) 




CtiARACTER*12 * S .<." A M E 
1165 D A T A S E L E C T / " 1 0 0 3 3 / 
1166 
1167 
UATA H E S E L / M 0 4 3 J / 
UATA ALi ' H A / "30/ 
1168 UATA G R A P H l / " i S / 
1 169 C P R l . v r l i . G THE PRESEN'! S I T U A T I O N O F LAYOUT O F . V E L Ü P M E N T 
1170 WHITE ( b , 10) ALP'nA 
1171 10 F U r t r t A T ( * + ' , A 2 , S ) 
1172 
1173 
* ' R I T E ( 6 , l O ) S E L E C T 
W R I T E ( 6 , 2 0 ) 
O 
1174 2 0 FORMAT(* L A Y C O r . . . T h e e x i s t l n g S i t u a t i o n ot a e v e l c p m e n t * ) 
1175 
1176 
* R l T £ ( b , 1 0 ) D E S E L 
A H I T E ( Ö , 1 0 ) G H A P I U 
o 1177 CALL b E L L 1176 
1179 
C A L L U ( * Ü I S C ( ' ^ E S O I H ' , 10) 
N L X s I U I . ( ' f a X ') 
o 1180 NLY =01N[* NLY ') 1161 
1182 
N LZ = L H N ( ' N L Z ') 
SPACE = 0 I N ( ' ü P A C E *) 
D 
1133 C A L L C L L I S C C r ' . E S O i y . ' . l O ) 
1184 
1185 c 
C A L L e E S H ( N L X , . N L Y , i . L Z , S P A C E J o 1186 c « U i L D I N G IS C A L L E ü IN 1187 
1188 
c 
C A L L 1 N 3 D ( C E S P A C , ' C I V 1 L U ' ) 
o 1169 C A L L DRAv. 1T ( C E S P A C ) 1190 C A L L 0 P I U S C ( ' A 3 V T 0 R ' , 1 2 ) 
1191 40 REAO(l2,60,El'iO = 5 0 ) J , X ( J ) , Y ( J ) , Z ( J ) . F N A H E ( J ) ( 1 : 1 2 ) 
o 1192 C A L L OPDISCC'WSPGSA',11) 1193 5 0 R E A U ( l l , Ö O , E M J = 9 0 ) J , X P U S ( J ) , Z P O S ( J ) , A N G L E ( 0 ) , F N A M E ( J ) ( l : 1 2 ) 
1194 60 F O R f i A T ( 1 5 , 3 F 8 . 2 , A 1 2 ) 





X « O K K = X P O S ( J ) 
Z»»ORK = Z P O S ( J ) 
CALL T U R N 3 O ( P , A N G L E ( J ) , 0 . 0 , O . 0 , 2 , R ) 
C A L L ItERSH (Fl« ARE { J ) (1:12),ö, 2,60 . 0 , 0 ) 





















1217 C. . . 
1218 c.. . 
1219 C. . . . 
1220 c 
CALL TÜRrriÜCT ,27 0,0,0. G, 0.0, 1 ,01 
CALL J O l N ( R , ' J ) 
wSHA.'iE = K.NAKE(J) 
CALL IR3D (V,*SNAME) 
CALL J U W 0 , V ) 
CALL SitI ET3 CV,XWOPK,0.0,ZrtÜHh) 
CALL UKAW1T (V) 
CALL DRA*3D(U, 1 . 0 , XKORK , 0 . 0 , Z'«URK , 1 ) 
G U T Ü 4 0 
CO NT1N UE 
CALL C L D 1 S C ( * * 3 P 0 S A ' , 1 1 ) 
CALL CLL» 1 SCI **3VTOK', 12) 
KETURrf 
E N i ' 




ILLLLLLLLLLLLLLLL S*»A U 0 T S I 3 A . SWA/JCVA - uone.lod.103 ^uauirlinb-j Tf*Tn LLLLLLLLLLt.LLLLLLLLL.LLL 
'-LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLlLLLt.LLLLLLLLLLl.LLLLLLLLLLLLLLLI.LU 
"OVdl a n a n b t u o j j $\'.?.\ ¿ 9 6 T - A O f / - 6 l'o :ovdT JaTUT-id j 
ïaa îunoooe lapun ' n g o g ' z i o O H S a s ] Din ' T 9 0 8 J a s n Aq S T : Z T ¿ssi-AON-fi uo I N T Í M S S X S 0 3 pananr. ( 0 9 , 
I 
999 999 TU ITT 99(19 OGO rrr 
9 9 9 t I 9 9 n 0 r r 
9 9 9 I T 8 « n 0 r r 
9999 9999 I T í w m 0 n r 
9 9 T T 9 9 0 ci r 
9 9 II TT 9 9 0 c 
999 999 I T 9889 0 0 0 V 
x V m m d ssss I I I Clfian 
X V V s r n a 
X n -J s T 0 G 
tf V Hddd sss r a 1 
tf V n d â s i 
X X tf V T d d 1 a a 
X A T dddd ssss T T T 
TITIÏ ï 9 3 9 9 9 9 9 9 Qoanno 9 9 9 9 9 9 9 9 
TUTTI 9 9 9 9 9 9 9 9 orjnoan Í!HU999H9 
TI 99 99 OD 30 99 99 t 
TT 89 99 03 00 9 y nq 
TT SB 99 03 00 9* vl^ 
TT SB 99 03 00 99 99 * 
IT 9 9 9 9 9 9 9 9 OD 00 999118999 
TT 9 9 9 9 8 9 9 9 n;i on 9990ÎÎ999 
TT 89 99 00 00 . 99 9 9 
TT 99 99 0 0 00 99 99 
ITTT 99 99 00 00 09 99 
ITTT 99 99 OD 00 99 89 
TT 9 9 9 9 9 9 8 9 DOOOOO 9 9 9 9 9 9 9 9 
TT 9 S 9 9 9 6 9 9 oooono 9 9 9 9 9 9 9 9 
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLl.LLLLLLLLLLLLL 
LLLLLLLLLLLLLLLLLLLLLLLLLL S B Ł / M 9XVA DINHD3 LXTOd OSSaani *' LLLLLLLLLILLLLLLL LLLLLt.LLLLLLLLL 
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLÙ 
0 5 J-
' D I S P L A Y . F Ü R ' 
T i t l S IS A PROGHAM KUH DISPLAY DK V.HOLE DESIGN ES 
SCENE TO Ei'iAfaLE THE USER 10 OBSERVE THE LAYOUT 
FROr. f>NY REOUESTED POSITION 
INTEGER NWS 
COMMGNVLC<;S/X(77) , i ( 77 ) , Z ( 77 ) , XPOS177) ,ZPOSI 77) , A N G L E ( 7 7 ) , 
ü F N A M E ( 7 7 ) 
REAL P ( 5 0 0 ) , R ( 2 0 0 0 ) , 0 ( 2 0 0 0 ) , 7 (20OO) , U ( 2 0 0 0 ) 
REAL C E S P A C d O O O O ) 
INTEGER SELECT,DESEL,ALPHA,GRAPH1 
CHAHACTER*12 FNAME 
GUARACT ER * 12 « S N A M E 
DATA S E L E C T / " 4 0 0 3 J / 
DATA 0 E S E L / " 4 0 4 3 3 / 
DATA A L P H A / M O / 
DAJA GRAPHI/"35/ 
DATA X P 0 S , Z P Ü S / 1 5 4 * y 9 9 . 0 / 
DATA A L G L E / 7 7 t O . O / 
CAL L START 
CAL L F A C T O R ( 1 . 0 ) 
CAL L FORMAT CR 1.1,59.4) 
CAL L FR At-'E(-55. 0 , 2 9 . 0 , - 3 5 . " , 20.0) 
FURi*AT( ' P r o g r a i t i tox u L s p l a y o f l n o u s t r . b ay In r e q u i r e d 
t. e l e v a t i o n * 1 t h u e t - a l l e a » O T K S t a t i o n S ' ) 
>.'R TT E ( 6 , 5 ) ALPli A 
FUnMAT(A2) 
»rRl 11. [ b , 5 ) SELECT 
* R11 E ( b, 3 ) 
r*RlTE"(o, 5) DESEL 
• i R I T E ( b , 5 ) G i< A P H I 
..RITE(y, 10) 
FORMAT( ' P l e a s e e n t e r t h e DISTANCE, ROTATION t, E L E V A T I O N * ) 
HEAD(5,*) DT S T NC, ROTATN, E L E V I N 
fcHITE(ü,20) 




C Ü N T I N I J E 
C A L L PEYE (Q.<J,0.0,0.0,D1STDC,ROTATN,ELEVTN) 
CAL L PLANE (ZDU.t) 
C A L L MESH (f. L A , NL Y ,NLZ, SPACE) 
CAL L O P D I S C ( ' * 3 V 0 L D ' , 1 0 ) 
Kh'üsl 
READ(10,70,END=9 0 ) J , X l J ) , Y ( J ) , Z ( J ) , FN A M F. ( J ) ( 1 : 1 2 ) 
F U R M A T ( 1 5 , 3 F d . 2 , A 1 2 ) 
N^S=N*'S + 1 
G U T ü 50 
C A L L C L Ü I S C ( ' n S V O L Ü * , 1 0 ) 
[US = HWS-1 
CAL L PRESIT ( N * S ) 
C A L L ;iCLOSE 
C A L L F 1 M S H 
S T Ü P 
O 5 2 . 
61 END 
62 
63 SUüRUUTIriF PKES1T (N'.S) 
64 c 
ot> c TH1S I S A SU'oKÜÜTiiiE E l m ¡MiUr.11.*;; T H E PRESENT S I T U A T I O N 
66 c 
o7 KEAL P ( 5 ü 0 ) , R (
O
0 0 0 ) , 0 ( 2 0 0 0 ) , T ( 2 o O O ) , U ( 2 0 0 0 ) , V ( 5000 ) 
68 REAL. C E S P A C ( I O O U G ) 
69 INTEGER l;'»S 
70 C0K»üfc/LG.vS/X(77) , Y ( 77 3 , 2 ( 7 7 ) , X P U 5 ( 7 7 ) , Z P Ü S ( 7 7 ),ANGLF(77 ) , 
71 t»FnAH£(77) 
72 lM'EGEK S E L E C 1 ,DESCL, ALPD A , GR AP" 1 
7 3 CHARACTER * 12 FMAKE 
74 CflARACTEh + 1? r.'SN'AME 
75 ü A T A S E L E C I / M O u 33/ 
76 DATA D E 5 £ L / " 4 0 4 3 3 / 
77 DATA A L P H A / " 3 0 / 
78 DATA G R A p l U / " 35/ 
. 79 c P H I: V I' I . - ; G T U E P R E S E N T S I T U A T I O N O F L A Y O U T D E W E L U P " £ N T 
80 n R1TE( u , l O J A L P H A 
81 1 0 F O R . » A T ( ' + ' I A 2 , S J 
_ 82 » R 1 T c ( 6 , 1 0 1 S E L E C T 
83 * H 1 T K ( 6 , 2 U ) 
84 20 K U R M A T ( * LAYOUT . . . The e x l s t i n q s i l u a t i o n o f d e v e l c p m e n t * ) 
85 i R 1 T1-- ( b , l u j D E S E L 
86 n h 1 T £ { b , Ii' )GR APHI 
87 CALL DELL 
88 CALL Ü P D I S C ( 'f'.ESDIC,', 10) 
89 C L A = i ) i M ' Ü U ') 
90 I< L i =D1I.'( ' M L i ') 
91 ..LZ =DID('NL2 *) 
9 2 SPACE = f. ( 'SPACE ' ) 
9 3 CALL. CLD J SC( ' M E SD1M ' , 10) 
94 CA L L KESh(iNLX,ML Y , N L Z , S P A C £ ) 
95 c 
9b c b U l L D I N G IS CALLE!) I N 
—\ 9 7 c 
- y 96 CALL 1*30 ( C E S P A C , ' C 1 V 1 L D ' ) 
99 CALL DRA',.'1T (CE S P A C ) 
1 0 0 C A L L 0PD1SC( 'ViSVTUR' , 12) 
1 0 1 40 R E A D ( 1 2 , Ö U , E N D = 5 0 ) J , X ( J ) , y ( U ) , 2 ( J ) , F N A M E ( J ) ( l : i 2 ) 
1 0 2 C A L L 0 P D 1 S C ( ' n S P Ü S A ' , 1 1 ) 
1 0 3 5 0 R E A D ( 1 1 , 6 0 , E D C = 9 0 ) J , X P O S ( J ) , 2 P O S ( J ) , A N G L E ( J ) , F N A f £ ( J ) [ 1 : 1 2 ) 
1 0 4 bo F Ü R H A T ( 1 b , 3 F Ö . 2 , A 1 2 ) 
1 0 5 C A L L L'UX ( P , X ( J ) , Y ( J ) , Z ( J ) ) 
1 0 6 i.S«ANE = F U A " E C J ) 
1 0 7 Xrr'URK s X P U S ( J ) 
1 0 8 Z W O R R = 2 P 0 S ( J ) 
1 0 9 C A L L KERSli ( FiJAilEC J ) ( l : i 2 ) , b , 2 , b U . O , Ü ) 
- 1 1 0 C A L L TRA~ÜP(L','J ) 
1 1 1 C A L L T U R u i D C I , 2 7 0 . 0 , 0 . 0 , 0 . 0 , 1 , U ) 
112 C A L L J O I N ( p , 0 ) 
113 C A L L 1 R 3 D 1 « , JiS(iAME) 
114 C A L L J 0 i ; i [ U , V ) 
1 1 5 CALL TUR-'.JDC V, A N G L E ( J ) , 0 . 0 , 0 . 0 , 2 , R ) 
116 CALL S H I F T 3 l R , / WUKh , 0 . 0 , 2 « OR K ) 
1 1 7 C A L L uRAr . I T (R) 
118 C C A L L DRAW JL>(U, 1 , 0 , X « O R K , 0 . 0 , Zr.ORK , 1 ) 
119 G O T O 4 0 
1 2 0 9 0 C O N T I Ü U E 
C A L L C L L 1 S C C ' * S P U S A ' , 1 1 ) 
C A L L C L I H S C ( ' A S V T C J R " , 1 2 ) 




KUbKUUTlKE .MESHUiLX , N M , t i l i , SPACE) 
PEAL A(10öO) 
C A L L C - R I L Ü H A , N L X , . o , .0,.u, . O . F L U A T O J L Y - I ) * S P A C E , , O , S P A C E , .0, .0 
C A L L URAsiIT(A) 
C A L L ' J R I L 3 t H A , H L Y , .u, .0, . 0 , P L U A T l H L X - 1 ) * S P A C E , .0,.O, . 0 , S P A C E , .0) 
C A L L L> R A •> IT l A ) 
CALL G n I L j D ( A , N L Z , . 0 , . 0 , . 0 , . 0 , P L U A T ( N L Y - l ) * S P A C E , . 0 , , 0 , . 0 , S P A C E ) 
C A L L ORAWt CA) 
C A L L < ; K I L j u c A , : ; L Y , . O , , O , . O , . O , . G , E L Ü A T I N L Z - I ) « S P A C E , . 0 , S P A C E , . 0 ) 
C A L L DRAwITtA) 
CALL G h 1 L 3 0 1 A , N L X , . 0 , . 0 , . 0 , . 0 , . 0 , E L Ü A T ( N L Z - 1 ) * 5 P A C E , S P A C E , . 0 , . 0 ) 
C A L L t/HAl.I T ( A ) 
CALL G R l L ^ i ) C A , : J L Z , . Ü , . 0 , . 0 , h Lü A T l U L X - 1 ) »SP ACE , .0, ,Q,.0,,0 , S P A C E ) 
C A L L u R Ä W I T C A ) 
RETURN 
END 
C . . . 





C E I L E UiVDEK ' i.) 1 PPL 4 i ' 
S4 
1 9 9 9y99y99 999 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
Í 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 MIDDLESEX POLYTECHNIC VAXB 11/785 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
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BblJbbbBB ooooco BBBBBbBB 11 
Hbb b b b b l i OGOOC'O BBBBBBBB ' 11 
Bb BD ÙU GO BB BB 1111 
bB BD ÜÜ CO BB BB u u 
Bb PB fJD CO BB PB u 
BR Ob 00 CO DB ee u 
bbtitibbbb Ü 0 CO BBBBBeBB u 
bbbbbbBH DO CO BBBBBBBB i i 
Bb Ub DC CO BB ÖB u 
Bb HÖ OU CO BB BB u 
BD BÖ OC CO BH BB i i 
Bb Bii 00 CO P.B Bb u 
b b b b ö b b ß OOOOGC BbBBBBBB 1 U l u 
bBbbbbbri OOOOOG BbBbBBBH 111111 
M F F F F F fcEEEE E E E E E DDDD 
F-P MM F E E D D 
M M fl F t E n D 
M M F F F F E E E E E E E E D D 
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M F fcEEFE E E E E E DDDD 
0 Û O U BHHh 1 1 666 7777 
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J c 0 b B 1 1 6 7 
0 0 u Dbbb 1 1 6666 7 
J J 0 0 b H 1 1 6 6 7 
J 0 o' 0 B B 1 1 6 6 7 
J J J 0 0 0 BBBB 111 111 666 7 
!) q u e u c ü t o S Ï S S P R J N T on y-f.'OV-19B7 12:16 by u s e r b O b l , UJC [RESM0012,BOB 1 ] , u n d e r a c c o u n t RESMi 
j t e r _ L P A O : on 9-'iuv-i9H7 12:17 trorr, a u e u e LPAO. 
t 9 9 9 y y 9 9 9 9 9 y y y y 9 9 9 y 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 i 
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1 C l l t l S I S A MANUAL FEED PHUGRAK " M F E E D . F Ü R " 





»vCCDriUlwC TU T E C H N ' ü L ü G I C A L ORDER/LINE 
-
•* 
5 c THE PROGRAM IS A L S U SIMULATING T h E DR. CARHIES 
6 c PRUGRAi- FOR T E C r i ü ü L O G 1 C A L P U S I T 1 0 N I N G OF *0RK STAT10NS 
o 7 8 c THE PRUGRAM IS FEEOU-G INFORMATION INTO A F I L E *T ECHORD * 













AUTOMATIC P O S I T I O R I N G PRUGRA* ' P Ü S C L A S H ' 
INTEGER ANS 
19 CilAKACTEh « 1 2 Ii S N A Ii E ( 2 0 0 ) , * S 
20 c C A L L START 
21 c OUTPUT UF F.XlSTli'iG DATA t l l . E 
22 c THE LINE IS .NUT CriANGING (l-UST REMA'ltf JN A T E C H N C L U G 1 C A L 
23 c ORDER / I.: A L I N E ) 




2 7 5 Cüt'.i Ü ; U K 
26 .1 RITE ( 6 , 10) 
29 10 FORMAT (* L I S I U F M/C A N D E U I J I P*fiUT IN TECH NOLCGIC A L ORDER'//) 
30 « R I T E ( b , 2 0 ) ' L i n e * , 'Hak S t n Numoer' 
31 20 FOR KAT ( A 5 , 1 A , A 1 3 ) 
32 
33 
50 C O N T l i - D E 
C A L L UPD1SC ( ' T E C Ü U R D ' ,11) 
34 60 COCTIMUE 
— 35 READ ( 1 1 , 1 30,END=135) N,V S M A W E ( N ) ( 1 : 1 2 ) 
3b 130 F O K C Ä T ( 1 5 , A I ? ) 
73 




1 32 FORMAT l 1 5 , 2 A , A ] 2 ) 
G ü T O i>0 
41 135 » H I I E ( e , 1 3 7 ) 
42 137 FORMAT (' T H E R t TS NOTHING PURE IN THE F I L E ' / ) 
43 CALL CLD1SC ( 'TECHORD',11) 
- 44 C 45 C E/TENDlNG THE F I L E 
46 c 
47 138 -.RITE ( b , 1 4 0 ) 
48 140 FORMAT (/' Do you w l s n t o e x t e n d o r c r i a n g e t n e t i l e - YE o r NO*/) 
O 
45 READ ( 5 , 1 5 0 ) A N S 
50 
51 
150 FDRMAT ( A 2 ) 
1F (ANS. E U . 'NO ' .OR . A N S . E U . 't. * ) GOTO 50 0 
52 
53 C 
1 F (ADS. E D . * Y E ' . O R . ANS.F.O. ' Y ' ) GOTO 170 
54 C ERROR f-.ESSAGE 
55 C 
56 WR1TL(6,160) 
57 160 FuRHAT (' P l e a s e e n t e r y o u r r e s p o n s e a g a i n l Use C A p l T A L S ! * ) 
58 GOTO 138 
59 C 
—V 





170 C O H T I D U E 
I. H1T E ( 6 , 1 7 2 ) 
— 64 172 KUH HAT (' To r o n proqrarr. r e q u e s t e o t y p e t h e p r e l i x l e t t e r * / 
- 65 £* t o r a d d l n q a new '*ork S t a t i o n a t t h e e n d t y p e _A_'/ 
66 f.' t o r i n s e r t i n q Work S t a t i o n a b o v e a * , S . t y p e 
G 67 t,' tor d e l e t i n q any * o r k S t a t i o n t y p e • » _ ' / ) 66 READ ( 5 , 1 7 4 ) ACTIOH 
69 174 FORMAT ( A I ) 
O 70 I F ( A C T1UN.E0. *A*) GO TU 175 71 
72 
I F ( ACT10N , E u . * I ') G O TO 30U 
I F ( A C T I O ! . . E U . ' f i ' l GO TU 400 
73 
74 
URITu ( 5 , 1 6 0 ) 
G O T O 170 
75 175 CUDT1UUE 
7b C 
- 77 C FEEDING 11- INFORMATION AUQDT TUE POSIT OF * . S . L I N E OK 78 C A U U I Ü G A l.Ev." W C H R STATION AT THE END OF LIi.E 
-> 79 C (AUL) L O G Tu THE L l HE E X : . . . 3 , 4 , 5 , .. .ADLING 6,7,8 E T C ) 80 
81 
C 
» K i T E (6 , i 60) 
82 160 F O R M A T (* P l e u s e e n t e r l i r . e s o . arm * . S . N O t o eno t y p e 200'/) 
83 R E A D ( 5 , 1 3 0 ) N , ^ o N A M F l i N ) ( i : 1 2 ) 
84 IF Ii.".Eu.200) GOTU 210 
85 C 
B6 c OUTPUT OP THE L A T E S T DATA '10 D1CS AND TERMINAL 
8 7 c 
66 C A L L OPDISC ( ' T E C H U R D * , U ) 
69 190 READ ( 11 , 130,END = 2 0 0 ) 1 , «SNA f-K ( I ) ( 1 : 1 2 ) 
90 GOTO 190 
91 200 ' J R i T E l 1 1 , 1 3 0 ) N , ^ S N A M E ( N ) t 1 : 12) 
92 C A L L C L D I S C ( " T E C H O R Ü ' , 1 1 ) 
93 G ü T O 175 
94 210 CüNTlNiiE • 
- 95 C 
9 • C PRIKT THE OEVE.LOPED L I S T OF W.S. U N T H E VDU 
9 / C 
98 GU T O 5 
99 C 
l 10Ö C 1NSEHTIKG A N E * w . S . INTO THE E x l S T l N G L I N E 
J 101 c 
102 300 C Ü N T 1 N U E 
103 C A L L OPDISC ('TEMP.DAT*,10) 
104 
105 
C A L L UPDISC ('TECHOHD',l1) 
WRITE ( 6 , 1 8 0 ) 
o 106 READ ( 5 , 1 3 0 ) N , W S ( l : i 2 ) 107 
108 
310 READ (11,1 30,END = 3 3 0 ) I ,WSNAJ-E(I) ( 1 : 1 2 ) 
I F ( N . N ' E . I ) GO TO 320 
*) 
109 * R I T E ( 1 0 , 1 3 0 ) N , W ü 
H O 
I I I 
320 J = l 
I F ( I . G E . N ) J=J41 
112 V.RIFE ( 1 0 , 1 3 0 ) J , wSHAMEU ) (1 :12) 
113 GU TU 310 
114 330 C O D T l ü U E 
-> 115 C A L L C L D I S C ('TEHP.DAT',10) 
116 
117 
C L 0 5 E (UN1T=11,DISPOSE=*DELETE') 
CALL O P Ü i ü C ( " T E H P . D A T * , 1 0 ) 
o 118 CALL UPDISC (*TECHOHD.DAT*,11) 119 
120 
340 READ ( 10, 130,END = 3 5 0 ) N , W S N A M E ( N ) ( 1 : 1 2 ) 





121 GU TO 340 
122 350 CALL C L U I S C ('TECHORD.DAT*,11) 
123 C L U ü E CuiUT=l»i,'U5pr;3Es'C-ELEl£') 
124 co:ma D E 
125 C 
12o C PRIDT T l i t U E VtLOPED L I S T UF . 5 . O N THE VDU 
127 C 
128 G O T O 5 • 
125 400 COii'fl N U E 
13U C 
131 C PET TP 1 NG/DELET11«G AN EX I S T IMG *t . S . AND REPOSIT10N1HG 
132 c 'CHE L i i . E OE WORK STATION 
133 c 
134 C A L L UpDISC ( ' T t H P . D A T , 1 0 ) 
135 C A L L Ü F U I S C ( ' T E C H ü R D * , 11) 
1 36 ÄfilTE ( 6 , 4 0 5 ) 
137 405 KUh^AT i * T y p e P o s i t i o n ano * . S . * h l c n tias t o be d e i e t e d ' / ) 
138 REAL' (5,130) N , r t S ( l : 1 2 ) 
1 39 410 REAL ( 1 1 , 1 30 , En us 4 30 )K , »ff.'Arte (K ) ( 1 : 12) 
H O IF(ii.Eü.K) GÜ TO 410 
141 J = K 
142 I E ( K . G T . f i ) J=J-1 
143 .i R1 T E ( 1 0 , 1 3 0 ) J , ..Si^Ai-'E(R) l 1 : 12) 
144 GU Tb 4 1u 
145 4 30 CUUTINOE 
1 46 C A L L C L ü l S C ( ' T E H P . J J A T ' , 1 0 ) 
147 CLOSE ( u N i f = l 1 ,LilSPOSE=*|)ELETE') 
148 C A L L UPUISC i 'TEtfP.DAT' , 10) 
149 C A L L O P D i S C ('TECHuRD.DAT*,11) 
150 4 4 0 READ ( 1 0 , 130,END = 450)N , »;SEJAKE(K ) ( 1 : 12) 
151 '..RITE ( 1 1 , 1 3 0 ) ' i , V.SNAHE(N) l 1 : 12) 
152 G O T'.1 4 4 0 
153 450 C A L L C L L i S C ( "1 ECMURD. DAT' , 1 1 ) 
154 CLOSE ( Oül T = 1 0, UI SPOSE= 'i;ELFTE ' ) 
155 CüNTlfiUE 
156 C 
157 c PRINT T H E D E v E L ü p E D L I S T UF '-.5. ON T U E VDO 
158 c 
159 GO TO 5 




l b 4 c 
165 c.. . . 
166 c F I L E 'HFEEU' 




8 6 8 S 6 b 8 W ö 8 b & 8 8 8 8 3 8 8 8 8 8 8 6 6 6 6 8 6 8 8 8 8 8 8 6 0 8 8 8 8 6 8 8 8 8 6 8 6 6 8 8 8 6 8 8 6 8 8 6 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 6 8 8 8 6 8 8 6 8 8 6 6 8 8 8 1 
H 8 8 & ö 8 8 ö 0 f a 8 8 d S 8 R B ö y 8 6 8 R 8 8 8 8 b 8 R 8 ö MIDDLESEX POLYTECHNIC VAXB 11/785 8 8 8 8 8 6 8 8 8 8 8 6 8 8 8 8 8 8 8 8 8 8 8 8 8 > 
6 6 8 6 6 8 6 o 6 8 8 8 6 6 8 8 8 6 8 6 8 8 6 8 8 6 6 8 e t > 8 b 6 6 8 6 6 8 8 6 6 8 8 8 8 6 6 6 8 6 8 6 6 8 8 8 B 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 6 8 8 8 8 8 8 8 6 8 8 6 8 8 6 6 6 8 6 1 
Ö B B 6 B 6 R B OOOCOG BB&BBBBB 11 
BBBBbBBb oooocc BbBBBBBB 11 
bb BB OD CO BB BB 1111 
Bb BB ÜD 00 BB BB U l i 
Bb BB GO CO RB Bb 11 
B& BB 00 CO BB BB 11 
BBIÍBDbbb 00 CO BBBBBBBB 11 
ÖBBiibBftB 00 CO BbBBBBBB 11 
Pb BÖ 00 CO Brt Bb 11 
Bb BB 00 CO BB bb 11 
bb HB 00 CO b& BB 11 
HB . DB' 00 GO UB BB 11 
BbbBbBb'u OOOOOC BBBBBBBB m i n 
b b b b b b b b OOOOOC BBBBBBBB n u n 
Vi SS SS V V T F T T T 000 T T T T T 000 
w W s V V T 0 0 T 0 0 
w s V V T 0 0 T 0 0 
» w sss u V ï 0 0 T 0 0 
If,' s V V T 0 0 T 0 0 
W A M1. s V V T 0 0 T 0 0 
tł in sss s V T 000 1 000 
J J J 
J DUO HBbb 1 i 6 6 6 688 
J 0 Ü U B 11 11 b 8 8 
J 0 0 b B 1 i 6 8 8 
J 0 0 bbbb 1 i 6 6 6 6 888 
J 0 0 b B 1 i 6 6 U 6 
J 0 0 B B 1 i 6 6 8 8 
UOC BbBB m m 6 6 6 688 
6 ö ) q u e u e d t o S ï S S P k l N T on y-rvüv-1987 12: 16 by u s e r BQB1, UIC IRESM0012, BDB1 ] , u n d e r a c c o u n t RE: 
i p r i n t e r _LPAO: on 9->.'OV-1967 12: 16 f r o m q u e u e LP AO. 
: 8 8 b 6 8 6 6 8 r J d 6 a 8 8 6 S 8 8 8 8 6 6 8 8 8 8 8 b 8 6 6 8 6 b 6 8 8 e 8 8 H 8 8 6 8 8 8 6 8 â 8 8 6 8 8 B 8 8 8 B 8 8 6 B 8 6 8 e B 8 & 8 6 B 8 B 8 8 8 6 8 8 8 8 8 8 6 8 8 B B 6 8 8 8 
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PHDGHAM/SOljKUOTiNE •«ÜV'l UTO 
(WORK STATION (VOLUMES) TO TECHNOLOGICAL ORDER) 
THIS S U e H O U T l i i E IS R E T R I E V I N G r< O K R STAT TON" REQUEST ED 
PUK A SUGGESTED pRUDUCTI UN L i n g FHUM THE 'WSVOLD* P I L E 
A N D REORGANISES THEM IN TECHNOLOGICAL OR IJER-LIN E ( I . E . FOR 
PRODUCTION UR PRODUCT ORIENTATED LAYOUT OR GROUP 
TECHNOLOGY ORIENTATED L A Y O U T ) . 
R E A L A , J , 'i. , XRUS . 2 P Ü S , A N G L E 
I N T E G E R J , K , f i 
C l ) M M U ¡ v / L C A S / X C 7 7 ) , Y ( 7 7 ) , 2 ( 7 7 ) , X P 0 S n 7 ) , 2 P O S l 7 7 ) , A K G L E ( 7 7 ) , 
f>F<JAlC ( 7 7 ) 
C H A R A C T E R * 1 2 F w A M E 
C H A R A C T E R * 1 2 . . S N A M E O V ) 
C A L L S T A R T 
F I R S T !• A R E 0 1 /.-. S . I K 1 E C H . . U L O G 1 C A L 1 1 R U E H I S R E T R I E V E D 
CALL U ^ D I S C ( '*SV l'UR' , 1 2 ) 
C A L L DPI) ISO I * 11ÏCHUR D * , 1 1 ) 
CWi.riUUE 
R E A D ( ) 1 , 5 0 , El;D = 4 0 0 ) 11, >'(SN AhE ( N ) I 1 : 12 ) 
F O R M A T 1 1 5 . A 1 2 ) 
CONTINOE 
C A L L U H 0 1 S C i '••SVÜLiiJ', 1 0 ) 
CONTINUE 
READ ( 1 U , « 0 , Eli 0 = 1 0 0 ) J,X t J ) , Y ( J ) , ¿ ( J ) , F N A M E ( J ) ( 1 : 12) 
FORMAT (J.S, J F 6 . 2 , A l 2 ) 
CUMí>A¿;F. L I S T OF L . S . V ' O L . M T H T E C H N O L O G I C A L O R D E R 
I F (rr.i:A;"E(f.')ii:i2).Eû.FNAKEij)t):i2)) G O T O I O O 
I F USl-Ai.Et;.') ( 1 : 12) .NE.FNAKEt J ) U : 12) ) G O T C 90 
COI-T J i< DE 
GOTO 6 0 
CONTl'-UE 
'n' R I T E ( 1 2 , 1 5 0 ) . t , X ( d ) , Y ( u ) , Z ( J ) , F N A M E ( J ) ( 1 :12) 
F O R M A T 115 , 3 F 6 . 2 , A l 2 ) 
C A L L C L D I S C Ł ' S V Ü L D ' , 1 0 ) 
G O T U 2 0 
C O N T I N U E 
C A L L C L D I S C ( " T E C H U R D " , 1 1 ) 
C A L L C L l l i S C I - - S V T O R ' , 12) 
REAL» A L L CREATED L I N E UF V.P.VUL. I N T E C H N O L O G I C A L O R D E R 
CALL 0PD1SC ( * » " S V T U H ' , 12) 
K = 1 
C O N T I N U E 
RE AU ( 1 2,'170,END = 550) E, X ( r. ) , Y IR ) , Z ( K ) , F N A M E ( K ) ( 1 ; 12 ) 
FURMAT ( 1 5 , 3 F 8 . 2 , A 1 2 ) 
« R I T E ( 6 , 4 8 0 ) K , A ( K ) , Y ( K ) , Z ( K ) ,FNA*E(F.) (1 : 12) 
6 0 . 









460 FORMAT 115,3C6.2,1X,ft 12) 
K = IUI 
GOTO 450 
550 CUNTI HUE 







» 0 0 O 0 O 0 0 0 0 0 O 0 0 0 0 0 O Ç*t»A u o î S J » A SWA/XVA - u o T J e J O d J O D }Uaujdtrïb3 TP1T&T0 OOOOOOOOOnOOOOOOOOOOOn 
t o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o n o o o o o p o o o o o f i o o o n o o n n o o o o o ! 
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:00HS3y î u n o a o e j a p u n ' rr 9 0 9 ' i S i 0 0 W S 3 H ] Din '1909 l a s n * q L\'-ZI LP.*, I - AO'J-6 UO X N i u d S S A ? °5 p s n s n b ' 
666 999 11 T ITT 9999 non r r r 
6 9 9 ï ï 9 9 n 0 n r 
6 9 9 I t 9 9 0 0 p n 
6666 9999 I T n n r 
6 6 9 ! I 9 9 n 0 r 
6 6 9 ( I IT fi fi 0 0 r 
666 999 I t Ü00 p 
000 000 n i •1 W 
0 0 0 0 i H W 
0 00 0 00 t A w 
0 0 0 0 0 0 t y. H 
00 0 00 0 Ï H w 
0 0 0 0 I T W W 
000 000 ï H 
t II IT ł'9999999 onnnno 
tt 11 U 9999<3agvi 300000 
1 99 88 ro 00 99 g « 
n 99 gq 13 00 P-Î 33 
t i ea 99 00 no 99 y 9 
i i 99 99 00 ou H9 99 
i 99999(199 OD 00 
t 9 9 9 9 8 9 9 « 03 no 999H9999 
T 99 99 no 99 39 
t 99 99 00 00 'la 9 9 
t TI 99 99 00 00 99 99 
X IT 99 99 03 00 99 99 
t 9999999«! •OOOOD 9 Hfl 9*1999 
t 99999999 •00000 9999H99P 
t 
0000000000000000O000000000000000OO000O00000O000O000000O000000000000000000OO0000000O0000ooonn00ne 
00000000000000000000000000 S8Ł/II fiJÍVA 31-JHD3lATDd X3S3TiaiW OOOOOOOOOOOOOOOOOOOOOOOOOnoOOOOC 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o n o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
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6 C. .. 
7 
9 10 
10 C.. . F 
11 C...-
12 C.. .-


















































,'IHIS 15 PRUGHAM "M100.FOR" 
FOR B A S I C CAPAC1TY CALCULAT10N FOR F A C T O R Ï L A Y O l l l PLANNIG 
INTEGER ACTION 
* R I T E ( 6 , 1 0 ) 
FORrfATC* CAFLAP rtASTER P R O G R A K V ) 
r * K I T E ( 6 , 2 U ) 
FORMAI ( * M E N U o f t n e CAFLP rcaster p r o o r a n - ' / ) 
k f c I T E l o , 1 1 0 ) 
FUR H AT ( * A VOLUME OF MAT E R l AL HANOL1NG(VULHH)') 
'.RITE 16 , 1 20 ) 
FURMAT(* îi l'illK&ER OF '*OKh STATIONS (NOte'S)*) 
K R I T E ( 6 , 1 30) 
FORMAT l * C M A N 1.1 F A C T U RI Iv G ARE A- 1 n S 9 . M-( MF A RE A ) ' ) 
* R I T E ( Ô , 140) 
FOR M A T ( * D TOTAL LENGTH OF INDUSTR1AL d A ï - i n M -(BAYLGH)* ) 
M 3 1 T g ( b , j o j 
FuRi"iAT(* l o r u n t n e p r o g r a m r e q u e s t e a t y p e t n e p r e f l x l e t t e r 
J....TO f i n i s n t y p e xx ') 
REAI'(5,50)ACT1G!J 
F O R M A T ( A l ) 
IF C AC7 l O N . E i i . *A* JGUTO 210 
IF (ACTION.EU.*b ' )GOTU 220 
I F ( A C T ION.ED. ' O G Ù T O 230 
1F ( A C T I u . i . E . i . ' i J ' J G O I O 240 
1 F ( A C T I O N , E 0 . " X ' ) G O T Ù 280 
ivRITE(6 , oO ) 
FORMAT ( ' PRQGRAI'. 1S RUT S E L E C T E L P L E A S E T R Ï AG AIN * } 
GO 10 -10 
CONTINUE 
CAL L VOLMti 
CUNTIN'UE 
C A L L N O K O 
CONTINUE 
CAL L tfFAKEA 
CONTINUE 





F A C T U R Ï L A ï U u T PLANHING-VGLUME UF MATERIAL HANDL1NG 
THE F u L L U w i N O PHUGRAM CALCULATES A VOLUME OF MATER I AL , '* . I . P . 
A NO PRODIJCT 
IN UNIT LUADS(UNL) PASSING THOUGH A F A C T O R Ï / I N U U 5 T R 1 A L B A ï 
TMIS PRUGRAM 1S AN Ei.'TRÏ PRUGKAM 
* R I T E ( 6 , 1 0 ) 
FORN AT ( ' F A C T O R Ï L A Ï O U T Pl. A Mi 1 KG-VOLUME OF MATERIAL H ANDLING * ) 
STEP 1 CALCULATES THE NUfcBER UF PARTS PER UNIT LCAD (NPPUNL) 
VOLUME OF ON II LUAD l i J C U b l C MET ERS AND VOLUME CF PARTS 
TO B£ MACHINED IN THE BATCH ) I N CUBIC METERS IS TC BE DECIDED 
/CALCOLATED bï PRODUCTION DEPT.PR10R T H I S PROGRAV STA R T S , 
* R 1 T E ( 6 , 2 0 ) 
£3-
62 20 F U R M A T ' C P L E A S E EN 7'ER VOLLME Ü F UNL ( V U L U N L ) I N CO METERS * ) 
63 *'RITE(c,301 
64 30 E O F M A T ( " P L E A S E ENTER VOLUME uF P A R T ( V U L P T ) IN CU M E I E R S " ) 
65 C VOLUMES T u öE ENTERED VIA KEYbOARD 
ob HEAD(5, * J VULDNL,VOLPT 
67 N P P U N L s V ü L U N L / V O L P T 
68 C HU* THE SYSTEM n l L L P P I N T 1 " COLUMNS THE ABOVE DATA 
69 * R l T E ( c , 4 0 ) 
7ü 40 FORMAT ( 4 A , ' V U L D N L ' , 7 X , * V U L P T " ,HX,*NU PARTS PER U N L ' J 
71 * R i T E ( t > , 50 ) VGL UNL , VOLPT, NPPUuL 
72 50 F U R f « A T [ 5 X , F 5 . 3 , 3 X , F l l . B , F l o . 2 ) 
73 C 
74 C. . . S T E P 2 . CALCULA IE Tri. E NUMbER UF UNIT LHAD GOING T POUCH BAY 
75 C.. . PER YF.AR ( N O U N L F Ï ),SU *E HAVE TG ENTER PRUUUCTICN PROGRAMME 
7b C. . . 1U P A R T S PER YEAR(pruiDNPHUG) 
77 c 
78 « R I T E ( 6 , ' X ' » J 
79 60 F U R | 1 A T ( ' E K TER T H E P R U D N P R U G RAMME I r. PARTS PER Y E AR ( PPROG ) * ) 
60 READ ( 1 , * ) P P R L G 
81 NUULPYspMR.'IG/n'FPUNt, 
82 WR I T E ( t>, 7 0 ) 
83 70 FORM A T l 3 A , 'PR U D N PROG . ' , 4 X . ' .*'U PARTS PER UNL',9X,'NO UNL PER YR * ) 
84 * R 1TE( 6, H O I P P R U G , iVPPONL, NL'U.PY 
85 HO FURfiAT(2X , F 1 2 . 1 , i X , F 1 0 . 1 , 1 5X , F12 .2 ) 
86 C T h l S THE H E Ü l ^ ' M N G U P pRCGKAr- VOLr.H) 
87 c 
88 c S T E P 3 - C A L C U L A T E NUHbER OF U N I T LOADS GOING THRQUGh 
69 c H I E I N D D . S T R I A L
 U
' A Y P E R H C D R ( UNLPlf ) . 
90 c T u t PRODUCTION YEAR Ii A S NUMbER tlF i - . U P K I N G H0UP5 G I V E N 
90 c BY L O C A L CONDITIONS. T H I S CAN bE ALSO 
91 c EXPRESSt.0 Ii Y YEARLY CAPACITl' D E A W O R K STATION I E F * S H ] 
92 c A V E R AGE V EAUL i CAPACITY A - O R K STATIOM FÜR 48HR5 fcEEK 
92 c AND Oi'E S r i l F T 
93 c I S 2000 M ' . J U R S I C F C U U R S E T H I S BAS T U HE AMENDER ACCCRDING 
93 c TU ÏCDH L O C A L 
94 c COi. D I TIO>-!... L O C A L CONDITION 1 KCL DDE H U Ü R 5 CONVENTION 
95 c LNUMBER OF « U R N I N G HOURS PER nEEK JAND N 0 w b E R ÜF S H I F T S ) . 
9b c 
97 « R I T E ( 1 , 9 0 ) 
98 9 0 F Ü R M A T ( * E N T E R PRODUCTION YEAK NUMBER OF HOUPS- ( E F t e S H ) ' ) 
99 R E A D ( 5 , * j E F - ) S H 
100 UULPH = NUKLPY/EF«Sri 
l o i M R I T E C6, 100 ) U N LPH 
102 100 FORMAT{* THE T O T A L RUMbER O F UNIT L Û A D GOING THRCUGH THE 1NDU51R1 AL 
103 £, BA Y P E R H O U R I S ' , 3 5X , F6 . 2 ) 
104 RETURN 
105 END 
106 c T H I S THE EN U O F PHOGRA.-i ' F X V 0 L M H ' 
107 c.. . 
10b 
109 SUbROUTINE f ! 0 S 
110 c PROGRA". MJ.'ÎBER OF ; J O R K STATION' NEEDED ( N Û f S ) 
111 c 
112 A R I T E ( 6 , 2 0 0 ) 
113 200 FORMAT (* CALCULAT E NUhbER UF *OnK S T A Ï I U N NEEDEC US1NG UNL ' ) 
114 c 
115 c T H I S CALCULAT lUM H AS AN ADVANTAGE FOR A N'Y FUTURE 
115 c CALCULAT I O N Ö E C A U 5 E 
116 c OF SPACES C0NS1UERAT1UN(PRUDUCT SPACES ARE ALhAYS 
117 c CALCULATEU FRUM UNIT LOADS ) 
~J-.:'.:-rC. 'V-f 
C <^  
© c o o o o 
o o 





























1 39 260 
140 
14 1 




































STEP l-í,üV.t>EH UF STANuAKi) n ü U R S PER UNIT L O A D RAS T O HE C A L C U L A T E D 
'.•> K IT E ( 6 , 2 1 0 ) 
EUR í-.AT í * PLEASE EN'i'ER íiUCbEk' OF STANDARD HUURS PER PART ( S H P P T M ) ' ) 
*K 1 T E ( o , 2 2 0 ) 
FORMAT 1 " PLEA5E ENTER KUKHER UF PARTS PER U N 1 T LC A U ( N P R U N L ) ' ) 
HEAD(5,*)SHPP1M,NPPUNL 
SHPUiJ b=Si>PPT M»,'.PPNfiL 
.i R 1 T £ ( o, 2J0 )SHPUNL 
FtiR:-íAT[' I, U M b t R UF STU H L V U R S PER U M T LO AD ( S H F U M ) IS * , 
i, 2 X , F 7 . 2 ) 
STEP 2- uOfíFlER OF '.-IGHh STAT10N FüK T ii E PARTICULAR PRUUUCTIDN 
PHUGRA.'-'.f.E IS CALCULATED (OW DASIS UF U M T' L Ü A D S ) 
n R l T E l o , 240 ) 
F U h M A T l * PLEASE E N TEK IH- i > ¿ R ÜF U N I T LOAD S PER H C U R ( U N L P H ) ' ) 
R E Ai.' C 5 . * I D N L P M 
..'On = S!IPUt.-É,*D*.LPri 
.iR.l TEtó,260)N.).. 
FuRf-'ATf THE »: urtriEK OF '/il'l-'K STATIU'.S N'EEUED I S ' , 2 X , F 7 , 3 ) 
REI DR.'. 
E N L' 
Ü U L M Í O I J T I N E i"-' Frt REA 
PHUGRAF F » J R CALCULA! 11 IR O F 
ínPEA FOR ALL *UR!\ STATION 
ID SuUAKE METERS, 
THEORETICAL MANUFACTURING A R E A 
MUDDLES R E Q U E S T E D . . . M A N U F A C T U R I N G S P A C E ) 
l-.'R l T t U ó , 300) 
F U R K A T C CALCULATE TiiEOPLT I C A L MANUFACTURING A R E A IN S O . M E T E R S * ) 
THE AREA IS GIVING A P P R O A I M A T E AREA NEEDED-FOR "STUDY" A N D "PPOGRAMKE" 
AND INDICATE THE S I Z E O F AN "ENDLESS STRAIGHT" INDUSTRIAL BAY 
W RIT E l u, 3 1 0 ) 
FC R l ' A ' n * P L E A S E ENTER 'i U n B E r' OF A O R K STATION SUGG E S I E D C N 0 *S ) " ) 
HEADt 5 , * ) N Q U S 
* R I T E ( 6 , 3 2 0 ) 
FOriMATi 'PLEASE Eiś TER AVERAGE AREA PER * 0HK STATION (WSAA ) * ) 
THE AVERAGE AREA PER nORK STATION HAS TU B E ESTIMATED ACCORDING 
EXPERIENCE IN S I M LAP. PRODUCTION A HI) WORKSHOP. . . OR INFORMATION 
I S TAKEN FOKf* '.i.S.CARDSt MANUFACTURING MODULES) 
H E A D ( 5
(
* ) H S A A 
M F A R E = N ü 'n S ł W S A A 
i s R I T E U , 3 J 0 ) i V F A ñ K 




T h i s i s " B A Y L G n p r o u , r a m t o r c o m p u t a t i o n o£ a t o t a l i e n q t h 
of. "CONTINUOUS" i n d u s t r i a l b a y . 
D a t a :MFAREA i s r e c e i v e d f r o m t h e p r o g r a m M F A R F A 
bAYxD I s d e t e r m i n e d ^ i d t h o f bay a c c o r d i n g t o f o l l o » l n q 
q u a n t i t a t i v e r e q u i r e m e n t s 
17« C -s i 2e u i r r o.mc t. 
179 c - s i z e o t an o v e r a y e * o r k S t a t i o n 
íyj c - s i z e o r A i s l e s - M a t e r i a l H a n d l i n o a r e a s 
l b i c • S y s i e ! " u t y. à t e r ÍJ1 Hand 1 l n<y 
J tí 2 c tnia i s u s u - i l l y ó , y , 1 2 , 1 b , l o ,2 1, 24 , e t c , n, e t e r s 
1S3 c 
184 .-.RITE ( o , 4 001 
1 b 5 t o o ror - í ' .A'i t ' C a l c u l a t e L e n g t h o t " C o n t i n u o u s " i n o u s t r i a 1 bay ( BAY LG > * ) 
l o b c 
1 b'7 c ïne o e t e i ¡r.ination oí s i z e s o'l t h e i*ay i s u s e f u l f c r g r a p h i c a l 
18b C deb i mi ot. . . o f K S t a i on i n p o s i t i o n i n ir.e o a y and f o r d e c i s i o n 
l o 9 c r e s o r o m j u i¿¡ens i oiib o f t h e i n d u s t r i a l H a l l ( P l o t n e e d e o ) . 
190 c R-jxin-jir. l e n g t n o t a t a y s n o J l . l n o t e x c e e d l e n g t h 198 n.. 
191 c 
19? * i< 1 'l E t o , 4 1 0 ) 
193 -110 Ki¡;•'•;.'[ i ' p i e n s e e n t e r t n e s i z e oí , J.anuf d C t u r i n g A r e a i n 5a.m* ) 
194 K E A I X 'J , * i > r Ar-i.A 
1ST> «k l'll.í c , i 1 0 ) 
19c ••2 0 f u i ' '-¡A[ i ' :-• l eci st: e n t e i n i c e n s i o n oí o a y * i ti t n t b A ï «L' ) i n i n e t e r s ' ) 
197 I;EV.I'(Î>, * ) t ; A ï . . i . ; 
19o B A ï ¡. G = ; ' l' AI-. E A / P. .*. ï n :J 
199 - K 1 IE Í u , «1 30 ) » A ' i LG 
200 •i 3 0 r i ¡ P K A T ( * l'otôl leriütn ot " C o n t i n u o u s " Bay i H A Y LG ) i ri m. i s ' , 3X , F 7 . 2 ) 
2 i)l hi'-j'i,];'! 
2-J 2 E M . 
203 C. . . 
204 c,. . 
20b c . t 1 LE L N t ' E î ï 'i ME '.AivE " '•' 1 0i; . r v-L M 
A P P E N D I X III 
D r a w i n g No, 1. 
Sheets 1 to 6 
I M/C NAME M/C NO CARD NO POSITION PAGE NO 
GARRETT 17229248 18 ZD (03-04. 001 





02 DESCRIPTION* NC DRILL 08 ORDER REFi 
03 
CONPQNENT-SUB-SYS. DIM/M 
PUNCHED CARD READER 






















M/C NAME M/C NO CARD NOPOSITION PAGE NO 
R.GARRETT 17229248 18 J CD (03-04) 002 
M/C NAME M/C NO CARD NO POSITION P AGE NO 
R.GARRETT 7 7229248 18 CD (03-04.) 003 
SPECIFICATIONS. 
A MACHINE 0 CONTROL 
01 naximm worfcpioco 
dlMMTMlOftS^ OMMO 
36 01 Control oocM 
02 noxiaua IM * l g h t 
WKpfom 
02 Interpolation 
03 h root to book totolo trawl Ml 370 03 Minimum oo—and unit 
04 
UFt to right WbU 
trovol M 610 04 Totolo position dlap 10% H 
05 Vortlcol i l l * trovol M 665 05 Sleek Jto. d lap toy DIGITAL 
06 Tabu food rato mm/ 
min 
06 Progroa oepoeftu. NO 
07 
uuuido a 
Í l/xOxH J 
—•nil ort« .1*1 .6*1.6 07 Input Mthod TAPE 
08 •olght fco* 08 Mirror laoga YES 
09 09 X Y oxl«-chongo YES 
10 10 Singlo block.food YES 
11 11 Dry run YES 
B POWER SUPPLY. 12 Machino Lock YES 
01 OOtpUt VOltOOO 
(no Load ) V 
380 13 Bocktosh ooapenaotlon YES 
02 
Maximum Mchfno 
current 1.76 14 M— ory c o l l NO 
03 m^m* control YES 15 Smlf diagnostic FCN NO 
04 Hoxtoua input 16 
AutoMtic pooltioning 
function ON TAPE 
05 Out«Ido dl 
( iMbcN J 
•MTW ton* mm 17 Inoh/M dtoplou NO 
06 «•ight Cg. 18 
uutoioo ai—iinitono 
C tfxDxH i /• 0.7*0.6*).' 
07 19 •eight •A 
08 20 
C DIELECTRIC FLUID SUPPLY. 21 
01 Dfeloctrfo fluid COOLANT E REMARKS 
02 Tank copocltu, I 30 01 
03 FllUr oleaant YES 02 
04 OuUlde ¿\wmmna\orm, 
c WXONH > / « 
).5K0.3V0.; 03 
05 Weight 04 
06 05 
M/C NAME M/C NO CARD NO POSITION PAGE NO 
R.GARRETT 17229246 18 CD(03-04) 004 
MAIHTHUMCE CRETERIA TIMF fNTFRVALS 
OA IL Y vXLY MTHLY VRLY 
MECHANICAL 
CHECK .« EXAMINE 
BEARfNS x _ 1
 ÛRlV: ŒLT3 x 
SAFETY DEVICES 
M/C CALIBRATION X 
TABLE ALL6MNENT X 
r Hduwri* aoLrs 
HOSE K PlPfS X 
CLEAN C LUBRICATE 
MOVING PARTS x 
MOVING SURFACES x 
REPLACE 
DRIVE BELTS X 
" K Ä T F I N S x 
ÊLÉCTPÏÇAL 
CHECK t EXAMINE 
CONTACTORS x: 
AUTOMATIC CONTROLS X 
FUSES x 
BRUSHES X 
CHARGE COILS 8 
CLEAN 
CONTACT POINTS X 
REPLACE 
HYDRAULIC 
CHECK £ EXAMINE 
OIL LEVEL X 
OIL FILTERS x 
PIPES t VESSELS x 
PUMP BEARINGS X 
CLEAN 
U I L H L T B W X 
REPLACE 
OIL x 
tit Pujm X 
REMARKS 







M/C NAME M/C NO CARD NO POSITION PAGE NO 
R.GARRETT 17229248 78 CDC03-04) 005 









002 GREASE ( 
ALBANIA 
R E A s e NO.; 
DEPENDS ON 
USAGE GOOD 
003 COOLANT ' UNERAL OIL 
.DEPENDS ON 
USAGE GOOD 
004 HYD.OIL / / / 
005 
L r F -
KEY ï 
® . OIL 
© . GREASE 
© « COOLANT 
M/C NANE 1 M/C NO. 1 CARD NO. 1 POSITION PAGE NO. 
*.GARRETT1î 7229248 1 1 R 1 CD C03-04J 006 
INSTALATION DETAILS 






MANUFACTURA R.GARRETT 01 
02 
03 
Cran* Maxfau» Li f t | kfl| 
MACHINE TYPE NC DRILL Fork Lift rruck 
















Htlghfc mm 2.1 Cooiont YES 
Vldth m 1.6 60B NO 
Ûapth mm 1.6 Mo*U RoBovol YES 
eelath 
f 1100 F OTHERS 
Loodo KN 
C FLOOR REGUIPEMENTS 
a i 
02 
Type ©f Floor CONCRETE 
Hathod of Flxtno 
ORAMING OF FOUNDATION FLOOR 
NO ANCHORING FOUNDATÎONS 
D r a w i n g No. 2 . 

D r a w i n g No. 3« 
D 
® 
DETAIL LAYOUT Tf 













K67BFNCH J8i A=j|)4 
167-1 ?n 1862-1 ?h 






L OCKERE IMCSHQP 
4-16a 
4-16 












6-1 gif i f i rJO 
6 - 12 
14 
, û 6 6 - 2 4 
YDTFST 






1867-06 Ja -05 
ICI FADfi 
WFi nn-vf SSF I 
DETAIL LAYOUT 
